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ON THE EFFICIENCY OF DIFFERENT SFAPCH STRATERIES

C. Kthler and ¢, Yaener
_ German Cancer Research Center, lleidelbery
Institute for Documentation, Information and Statistics

SYNNPSIS
Five well known search stratecies in EDP have been
compared with a newly developed technique. The latter
proved more efficient, both with resard to the mean
number of access points and the probability of a hit
within the first five attempts,

For the task of information retrieval in computer-based
systems different search atratesies have been developed,
the efficiency of which is to be compared (cf, Table })t
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Effiotenoy of Search Strategies

1,) Seauential Search

In searchine secuentially, a file of Il elerents is checked
with a key-word record per record until the elemsnt gearched
for has been found, Previous sortine of the material is not
required, The minimum number of comparisnons enuelﬁ %.,th

v z ¥ I 4 v
maximum max ® &» therefore the nean nurber V_ 2 —

I£f M elements are searcheq for sinu]taneous]x. the rean
umber of attempts per element wyill be Vn : .

2,) Binary Search

The precondition for usine the binary search method is strict
ordar and a knowledrze of the number of elements in the file,
At every step the part of the file which is to be searched is
subdivided into 3 narts, narely

1. the elemant addressed for the purpose o comparison
2, any "sraller"” elerents
3, any "larger” elerents,

The element addrassed is compared with the concapt to be
searched for ("equal®, "smaller", "larrer"), Accordins to

the result of this comparison, the search is aither completed
(element has been found) or it is to be continued within

the "smaller® or "larger"™ elements only, The search strategy
is optimal if the remainine quantity of elements is halved

at each step, In this case, the ranges of the jump form a
monotonously decreasing seauence with the factor 1/2,

For the N elements of a file N = ot . 13 this leads to the
mean nurber of access points

v .[!.“_’ 1. log, (N ¢ 1)_' -1
3,) Block Search

Using the block search recuires the subdivision of a sorted
file into ‘blocks of leneth D, The first comparison takes place
with the last element of the firat block., Tf the key-word

to be searched for is "lareer”, the prograrme jumps to the
last element of the second block whare reneved comparison
takes place, The groccduro is continued until the addrassed
elerent is "equal® to or "smaller" than the key-word, If it

is "equal"™, the desired element is foundi otherwise, the
addressed block is looked up seauentially until the desired
element has been found,

!
i
1

g
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V Evaluation of Retrieval Effectiveness

In a file of !l elements with block leneth = D there are
M/D blocks. In order to address all these secuentially,

A raximum of N/D steps is necessavy, Within a block a
maximum of D-1 steps is reauired to find a certain element,
This leads to a mean number of steps

1+ p?

v =<

n

4,) Chaining Methods

There are two different chaining methods, the single chain
and the double chain, Tn the single chain method the address
of the subsecuent e=lement is stored in addition to each
element, The entire file is searched element by element,
using the chained address, until the element searched for
has been found. The sinele chain method corresponds to the
sequential search in principle; the mean number of search

steps reouired is the same, namely

v 202
a

The double chain method is only possible in strictly
hierarchical structures, In this method 2 addresses are
stored simultanaously with each element - namely the one
of a neighbouring element on the same level and the one
of a neighbourine elemant on the next lower level,

The mean length of search is

Ym s 1,4 1012H

5.) Distributed Key=Search

The distributed key search recuires a-strictly
hierarchical order of the elements in the file., Each
level is characterized by a numberj each element of

the file is unequivocally determinad by the combination
of all numbers. On the basis of the complete combination
of the numbers any desired element can be retrieved,

With a symmetrical order of the material and a mean number
of branches of about 4 there is an optimal mean number of
access points of

Ym 1,24 lom)N

However, this optimal value is rarely reached, since the data
collectlonl are hardly ever optimally structured,
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Effiociency of Search Strategies

BEIN
JAMBE
LEG

BLASTOGENESE .
TRANSFORMATION BLASTIQU
BLASTOGENESIS

BLEI .
PLOMB
LEAD
BLUT
SANG
BLOOD

BLUTDRUCK
"' PRESSION SANGUINE -
BLOOD PRESSURE

BLUTGEFASSE
VAISSEAUX SANGUINS
BLOOD VESSELS

BLUTGRUPPE
GROUPE SANGUIN
BLOOD GROUP

BLUTSERUM
SERUM SANGUIN
BLOOD SERUM

BLUTVOLUMEN
VOLUME SANGUIN .-
.BLOOD VOLUME

T

(524) BOR. g
- ", RORE
RORON

< )

Fig, 1: Part of the Threalincual Thesaurus
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V Evaluation of Retrieval Effectivencss

None of the above named search stratepies appeared to us to be
ortimally suited to the practical task of translatineg key-words

in a trilinrual thesaurus (Fie,1) in alphabetical order into
: another lanpuage, ''e, therefore, developed a search algorithm of
; our oun - the so-called serial iunn-search. The application of .

this method presuproses setting up a correspondence table
containine the acPresses within rsrouns of the firat 2 letters
(cf. Talbls 2),

- Lirst 2 legsers Address
A
AC 128
AN 259
»

e

Igble 2t Correspondence Table for the Descrided Inample

.

-
s e R BTty 0

o

1

[ .4

-

-~
i s o e gt e i . o

.
1

This method is to be briefly explained by the following example:
The first step towards the solution of the task consists in
comparing the 2 first letters of the word to be translated with
the correspondence table; thereby the beginning address for the
search is established. :

The word "Blutgeflsse™ (blood vessels) is to be translated from
Cerman into French., The first two letters of the word "Blutgefisse"
(BL) lie between BE and CA, According to the correspondence table

the search interval ranges from address 452 to address 595 (rig.2).
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Vv Evaluation of Retrieval Effeotivencse

The number of elements to be compared from the start to the end of
the search interval is called D. Tn our example D ecuals 144, D is
subdivided into ¥ seaments (in our example X = 12), The first
elerent of each sezment (berinning with the second segment) is
compared as to vhether the word to be searched for is equal to, .
larcer than or smaller than the one addressed, If the word to be
searched for is ecual, the ssarch is completed, If it is larger
than the word found, then the programme jumps to the first address
of the next sesment (in our case = 476) and this address is
compared, The word "Bein" (ler) found at this address is smaller
than the search word "Blutgefisse"; therefore, the search is
continued at address 488 and so on, If the word to be searched for
is smaller than the word found (e,g, "RBlutgeflsse™ is smaller than
"eor" [Boron] ), then the search is continued serially from the
second word of the nreceding sesment until the wowd has been found

within this sesmment.

The number of access points needed to find a certain word is
composed of the number of jumps and the number of steps within a
serment. (In our example 10 search steps were reocuired, namely 6
gsegment jumps and 4 steps in the last sesment,)

The seneral rule is:

minimum number of access poingo Yhin s 1

raximum number of accuss points Ymnx = (1-1)0(3 1) = 10% - 2

: Y oy
mean number of access points Y, * max __nin , 7% ¢ .’-'i'!'- (1)

Dependent on the size of the search interval D, the value of X can
be optimized by partial differentiation of the equation (1)

(X = ).

When inserting the values D = 144, X = 12 in equation (1) we
188 11
obtain vm z T + 1' = 11.5.. :

In using O = 81 (X = 9) it follows that. Y = 8.5,

With a total of 5,000 words in the thesaurus this value is
already less than the corresponding value of the binary search,

From equation (1) it follows under optimal conditions that
) |
Ym’m Qﬂ—=w-1/2 (2)

With N = total number of elements in the file and S = number of
intervals defined by the correspondence table

370
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nzg (3)

From (2) and (3) it follows that Yn = g - 1/2

This relation has been calculated for different values of M and S
and is shown by a family of curves (Fir.3), Mean numbers of access
points for the binary search are included for the purpose of
comparison, Fig, 3 shows that our search strateey iz bhetter for

a eiven value of N, if the number S of the andress fields in the
correspondence table is larse ennugh,

N
s 7 e& 3

Ty ryvyve v
26 36 20 0O 2N
» Ym

Fig, 3: The mean number of access points in serial jump
strategy dependine upon the size of the material
to be searched and the number of address lields
in the correspondence table compared with the
corresponding values for the binary search,

Binary Search
No. of address fields =
No., of address fields = 20
No, of address fields = 2%
No., of address fields = 3%
]
]
]

:

10

No., of address fields 50
No, of address fields 70
No, of address fields 100

NSO ELDN-

N = number of tne elements of a file

Ym 3 mean number of access points
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EVALUATION OF RETRIEVAL EFFECTIVENESS

: T.M. Aitchison and Angela M. Hall
B INSPEC, Institution of Electrical Enginegra. London

f SYNOPSIS i
A comparative evaluation is described of a number of
controlled and 'natural' languages which were candidates
for use for retrieval from the INSPEC data base and for
' SDI. The problems involved in such an evaluation and the
" general conclusions reached are discussed.

: The comparative evaluation of index languages arose from the need to
decide on the main subject organising and retrieval tool to be used
in INSPEC's integrated computer-based system, one aspect of which is ;
deacribed by Simmons, Vernon and Martin in a paper in Area 4. Since
the basis of the system is that each item included in the data base -~
at least 125,000 in 1971 - would be input only once, it was important
to try and ensure that the index language used should be both the
most suitable une svailable and equally useful for the printed
indexes to the abstracts jourmals produced by INSPEC, for a selective
dissemination of information (SDI) system, and for retrieval ,from the
data base. R

e e e

} It is probably true to say that the choice was not completely open
: since a classification system (whether U.D.C., a true hierarchical
one or a faceted classification) was never seriously considered and
there was an implied assumption that whatever language was chosen
should be employed in a coordinate-indexing mode.

L Like most information workers we had had a fundamental conviction.
that a controlled language must be superior to aix uncontrolled or
‘natural' language, and that the performance of an information
retrieval system was mainly dependent on the degree of intellectual
effort involved in the setting up of the index language and in the
indexing. However, the results of the second Cranfield tests (1)
suggested that these convictions or innate assumptioas might not be
entirely valid, and that, at the very least, the whole question
should be considered open.

s . i .
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V Evaluation of Retrieval Effectiveness

It was on that basis that the possibility of conducting a comparative
evaluation first presented itself. Although it was desired to select
a language equally suitable for printed indexes, SDI and retrospective
searching of a machine file, only for retrospective searching had a
methodology been developed iby Cleverdon, Mills and Xeen for the
Cranfield (1) tests), This, although it had its share of criticism,
seemed sensible, understandable and had the decidad advantage that its
critics had not been able to suggest an alternative. It was hoped to
avoid at least some of the difficulties and forestall some of the
criticism in the design of the new evaluation. In particular it was
intended to take advantage of the INSPEC facilities by having soft-
wvare developed to allow the evaluation data to be obtained by program
and by using, for the evaluation, documents already indexed for the
normal production of INSPEC services.

The index or retrieval languages which it was decided should be
studied, since they were already available or potentially available
in the INSPEC database, comprised:

1. | Title ' :
2. Abstract and title
3. Hybrid: the subject heading and plain-language modifier

1ine used in the printed indexes to the absatracts

journal (i.e. a combination of controlled and
uncontrolled language).

4. Free-index: free-language terms applied by an indexer
. (applied initially, in the SDI Investigation
before tranulation into the controlled
language).

5 Controlled: a thesaurus-based controlled language used
‘ in the INSPEC SDI Investigation.

It is obvious that the main problem in comparing these five options
lies in ensuring that the controlled language is compared fairly
with the other four languages in their free-language formulations.
We hoped to overcome the problem by using a wide variety of free-
language formulations and as many controlled-language formulations
as possible.

Methodology

The design of the evaluation (2) waa based on matching a test
collection of documents with a test collection of questions to which
each of the documents had been assessed for relevance. The documents
in the collection required to be indexed by each of the languages

to be evaluated, and the questions formulated in the same language.
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The main difficulties that may be expected in setting up such an
arrangement are that the document indexing for the test may be
consciously or unconsciously biassed in favour of one of the
languages; the questions or their formulation may favour one
language; or it may be difficult tc persuade the questioners to

assess a large enough test collection of documents for relevance
to their questions. ’

In the INSPEC evaluation it is considered that all of these difficul-
ties were overcome, some more successfully than others.

In the indexing of documents the possibility of bias was entirely
ruled out by selecting documents which had been routinely indexed
before the test was postulated. The indexing had been carried out by
. different groups (i.e. Hybrid by one group and the two SDI languages
t-' by another) but it was considered that this was not a disadvantage
‘ since for INSPEC the main interest was in comparing the total system,
i.e. both. the language and its use.

The possibility of the choice of questions influencing the comparison

was accepted rather than avoided by using 'real' questions submitted S
by a wide variety of electronics research workers, while the
formulation difficulty was reduced, if not overcome, by using a total
of 30 different formulations for each question, i.e. 10 question
formulations, each in three different logical product coordinations
or strategies.

The different question formulations used are shown in Figure 1. The
three strategies required the coordination {(by 'AND') of the minimum,
a moderate, or the maximum number of terms in the question and
corresponded to low, medium and high exhaustivity of search.

An example of the A and C formulations for a question is given in
Figure 2.

. In the assessment of documents for relevance to the questions, a
method was found by which the questioner, with comparatively little
effort was able to assess some 1200 documents. This dependsd on his
having already assessed the documents for relevance to his profile in
an SDI service and his being supplied with the profile-relevant

i documents for assessment of relevance to his question. The method
worked satisfactorily in the main, although some asseasments had to
be discarded when it was found that some questioners had again
assessed the question documents for relevance to their profile. A
more serious consideration arises from the fact that the assessmonts
were highly subjective, peculiar to each questioner, instead of ob-
Jective and reproducible as would have been the case if a consensus
Judgement had been obtained. However it was considered. that the
subjective assessment represented the normal situation and should
therefore be retained.

. e e o
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Question formulations

Single-term free-language formulations
A, The words of the question as stated by the

questioner (and, vhere necessary, selected
for the evaluation).

The words of 'A' with true synonyms and other
word forms added as alternatives, and word
endings confounded as appropriats.

As 'B!' with the addition of quasi-synonyms and

generic, sore specific, or related terms as vere
considered likely to be advantageous.

Simple-concept free-language forgulations

In these formulations, simple adjectivs-and-noun
phrases, and a small number of others were preserved.

E. As 'A' with simple concepts preserved.

F. AB OBI " " " "

G. Aﬂ OCO " . " " L]

Hybrid (free-and coptrolled-language) formulationsg

D. As 'C' with appropriate Sciencs Abstracts subject
headings added as an additional set of search terms.

H, As ‘D' but based on 'G'.

Controlled-language formulationg

R, The words in the question translated by strict use

: of the thesaurus into the controllisd language used
in the SDI Investigation.
As 'R' but with free use of altsmmativs terms, similar
to the free-language formulations ‘'C' and 'G'.

Figure 1
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Question: Information on the crystalline structure
of cadmium sulphide?

Formulation A Formulation C

crystalline cryast#*

xtal#®
microstructure*
structur*
orient#
lattice®
microstructur#
state
cadmium
Cd
Cds

sulphide sulphide®

Cds
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DEVIL

To carry out the evaluation the DEVIL (Direct Evaluation of

Index ggnguages) system was developed by INSPEC. By this system,
which is based on the INSPEC general-purpose file maintenance system,
the question and document data were input, validated and corrected:
scarches for matches were carried out as required: and {(since the
relevance assessments were included in the test collection files) the
results were reported and the performance measures calculated by

program for each formulation of each question and for the ecquivalent
groups.

Matching tests

In the tests a total of 97 questions were used in the main set, and
82 in a subset from which questions with particularly doubtful
(probably erroneous) relevance assessments had been removed. The
document collection comprised 542 documents each 'indexed' by the

five languages. An example of the indexing of an input document is
given in Figure 3.

The evaluation consisted essentially of matching cach formulation of
cach question against the appropriately-indexed document collection
in two modes, for which the terms, Plain Coordinate Matching (PCH)
and Boolean matching (Booloan) were coined. In the P.C.M. mode, a
match on all the 'm' terms in the question was first required, then
of any n-1, then of any n-2, etc., until single-term matches were
reached. Such an output is shown in Figure 4,

In the alternative mode, Boolean, a logical relationship was
specified for each question. Thus each question might require a
different number of terms to be coordinated. An example of such an
output is shown in Figure 5.

Three performanco measures were calculated:

Recall (relating the number of relevant documents rotrieved
to the total number of relevant in the colloction)

Procision (relating the number of relevant documents retrieved
to the total number of documents retrieved

Fallout (rolating the number of non-relevant retrieved to
the total non-relevant in the collection)

For each formulation of the set or subsot of questions, the results
for the individual questions were averaged by two methods and
totalled by four different systoms, since each of these had certain
advantages but none was free from some drawback.
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An example of the indexing of an _inbut document

Titles The ultrasonic interface micrometer

Abstracts In nuclear reactors, thickness of the walls

of tubes are measured by ultrasonic continuous-
wave and pulse-wave micrometers. The principles

. and recording techniques of the instruments are
described. The continuous-wave micrometer is
used for simultaneous determination of thickness
during defect-testing operations; the pulsed-
wave instrument is preferred when better surface
discrimination is needed.

Hybridts £BMEMD: Measuroment by electrical methods,
distance, nuclear reactor thickness,
U.S. interferometry.

Measuring apparatus
Nuclear power

Ultrasonics, tube thickness meas
in nuclear reactor

Free-index: Ultrasonic interference micrometer, thickness
measurement DM, continuous wave micrometer,
pulsed wave micrometer, design, recording,
applications,

B O R R

Controlledt Ultrasonic waves, 1nterférenoe, dimensions,
measurement, continuous waves, pulses, design,
recording, applications.

Figure 3
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Plain coordinate matching output

Question:  C030
Document indexing: Free-index

Relevant documents:

" Documents )

2039/1
3067/1
1155/0
1050/0
1097/0
1187/0
2030/0
2060/0
2219/0
2274 /0
3214/0
4250/0

Total documents: 542

Question descriptors:

2039/1, 2273/1, 3067/1, 3221/1

1084/0 .

1133/0
2021/0
2048/0
2172/0
2235/0
3104/0
4117/0
k299/0

32 ‘4 100.0 5.2

Figure 4

Boolean Output

Queétion formulation: C
Document indexing: Free-~index

Question Documents Retrieved

€083 3116/0, 3246/1
Co84

C085 3003/1

COB6 2011/1, 2210/0

Tot
Ret

2

‘Total documents: 542

Tot
Rel
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Retrieval Effectiveness
Results

The matching of the 542 documents and 97 questions in 10 formulations
by 3 strategies, and the use of two methods of averaging and four
types of totalling produced a very large quantity of data (3).
Examples of Recall/Precision plots of P.C.M. and Boolean outputs are
shown in Figures 6 and 7 respectively.

The data were supplemented by analyses of failures in recall and
precision (i.e. why relevant documents were not retrieved and why
non-relevant documents were retrieved).

'
The results showed that the controlled language was much superior
to any of the others. Of the remainder the free-indexing was
superior, followed by the combination of subject headings and
modifier line, then title, and title-and-abstract.

The title-and-abstract was shown to have the highest exhaustivity
and to give the highest Recall of any of the languages, but it had
easily the worst Precision. In other words it has sufficient terms
to provide many of the required matches, but many other words which
produced matches with non-relevant documents.

The low exhaustivity of the title gave a consistently low Recall but
conversely a very high Precision, superior to any of the other
languages. Thus its use could be recommended for situations in which
only a proportion of all the relevant documents, with as few as
possible non-relevant, are required. .
The exhaustivity of the combination of the subject heading and
modifier line of the abstracts journals was found to be only slightly
better than that of the title while the Precision was slightly worse.
Thus its overall performance was only a little superior to that of
the title.

The free-indexing was shown to have an exhaustivity only slightly
worse than that of title-and-abstract and to have a similar maximum
Recall, while its Precision was little worse than the subject-heading/
modifier combination. It was therefore superior to the other three
uncontrolled languages and only outranked by the controlled language.

Probably the most important outcome of the evaluation came from a
comparison of the free-indexing and controlled language. Since the
document indexing based on these languages contained the same
concepts (the controlled-language indexing being the translation of
the free-indexing into controlled terms), it followed that the
superiority of the controlled language must be attributed to the
question forimulation. The failure analysis showed that the super-
iority arises from the built-in ability of the controlled language
to include in the formulation all the alternative words and concepts
which might be used to express the question.
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O—0O Title

X~ —« Abstract
& ---@ Hybrid
Ev»v-8 Free-~index
++=.4 Controlled

Title
Abstract
Hybrid
Free-index
Controlled

Precision %
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This is a function of the thesaurus and in particular of the procedure
of identifying new terms as they occur in the indexing of the input
documents and adding them to the thesaurus in their correct relation-
ship to the other terms. This suggests that a similar retrieval
performance might be obtained with free-language indexing by the use
of a free-language thesaurus for assistance in question formulation.
Each new term as it occurred in the document indexing would be added
and its relationship to the other thesaurus terms indicated.

LS B i Dm0 s e,

It is on these grounds that the decision was made to adopt free-
indexing as the basic medium for information retrieval and SDI in the
INSPEC system. At present, subject headings and modifier lines are
still used in the printed indexes to the abstracts journals, but, as
described in the paper by Field in Area s the subject headings are
being related to the free-index terms in a thesaurus structure and
this will be used as the basis of the free-language thesaurus.

Although in setting up the evaluation project it was not intended
to seek results that would necessarily be applicable to other than
the INSPEC environment, it is believed that the main conclusions -
the superiority of the controlled language and the expectation of
obtaining a similar performance by the combination of free-indexing
and a free=language thesaurus - are generally applicable.

Cleverdon, C., Mills, J., and Keen, M.} Factors
determining the performance of indexing systems,
vol.l: design; vol.2% test results; Cranfield;
Aslib Cranfield Research Project, 1966.

Aitchison, T.M., and Tracy, Jennifer M.; Comparative
evaluation of index languages. Paxt I: design.
Report No.R.70/1. London, INSPEC, The Institution of
Electrical Engineers, July 1969.
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Aitchison, T.M., Hall, Angela M., lLavelle, Katherine H.,
and Tracy, Jennifer M.} Comparative evaluation of
index languages. Part IIt results. Report No.R.70/2.
London, INSPEC, The Institution of Electrical Engineers,
July 1970.
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A RESEARCH TECHNIQUE TO COMPARE THE RETRIEVAL
EFFECTIVENESS OF ABSTRACTS AND INDEXING TERMS

T. Bloch, U, Bloch and K.,D, Ofer

SYNOPSIS

The method proposed to compare retrieval effectiveness of
descriptors and abstracts, endeavours to minimize subjective
decisions by duplicating the basic function of extrscting
the terms from the abstract and by restricting the subject
specialist to a few prescribed decisions. The comparison
between the two surrogates is based on comparing the number
of terms in the various categories, but does not allow for
weighing different terms as to their possible effectiveness
in retrieval. :

The Problem

When using tape services as the input for a mechanized information service, one cannot
simply merge the different services together, not only becsuse their formatting is not
stsndardized, but also becsuse the document surrogates vsry from service to service, so
that the search profiles must be prepared separately for esch,

Some servicea give (in addition to the citation, the author and the title), sn abstract
and others a set of indexing terms. Several tape services include both surrogates.

In this 1lsst case, it is of interest to know, whether one of them, the title together
with the abstract, or the set of indexing terms - would give as good a retrieval on

its own as together with the other. In other words, whether the set of terms available
from the descriptors ("D") and the set of terms from the abstract ("A") are completely
overlapping, partly overlapping, or completely disjoint, It would also be of interest
to know, which set usually comprises more specific terms than the other,

Once we know the answer to tlizse questions, it should facilitate the design of a better
scarch strstegy, e.g. if we know that the terms in the abstract sre more specific thsn
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V Evaluation of Retrieval Effectiveness

the descriptors, we should design the mechanized search program to look first at the
descriptors and only after a general term is found in ")" would we bother to search
"A" for the more specific term. This could lead us to a two-stage search, vhere the
"A" terms would make for higher precision but the "D"~-search would still be avallable
for empty searches. Alternatively, looking only at "D" terms would make for faster
throughput of a gerial file, .

Naturally, these decisions will not be the same for all tape services, but may change
from one to the other depending on the quality of the abstract and of the indexing
terms., This study shows a research design that could be employed routinely to decide
upon the above problem applied to a specific case,

Definitions

1, Equal or synonymous terms are called "Joint" terms,
Expressions are ''synonymous”, if we can assume, that an information scientist
would use either in the construction of the same profile.

2, Where one term is more specific than the other, the two terms are called
"inclusive" terms. ,

3. Any term which is neither joint nor inclusive is a "unique" term.

4, The set of all terms used as descripors for a document is its "set of descriptor
tems' or "D",

5, The set of all terms appearing in the list culled form the title, the bibliogra-
phic citation and the abstract of a document is called its "set of abstract
terns" or "A",

The Method

The decisions are based on comparisons between the number of terms in the two sets,
The number of terms in "D" is usually not difficult to ascertain, but defining the
set "A" is more laborious, One cannot simply count the words left over after elimi-
nating all words from » copious "stop list", but one must ensure that only “semantic"
words are chosen,

The following technique 1s suggested:

Abstracts are chosen randomly from the service for which the test is performed.
These are photographed three times., From two batches indexing terms are cut away
and the remaining title + citation + abstract are given to two intelligent persons,
with a good command of English, but with no subject knowledge. They go over the
abstracts and list all expressions found in them that are - in theit opinion - of
sufficient value to rate as indexing terms,

Compstibility between the "indexers" is developed as follows: At the first session
the two meet with a subject specialist. After the general ideas of the proceedings
are explained, each goes over an abstract on his own and draws up a list of his "set
of abstract terms". The resulting two lists are compared, and where they are not
identical the differences are diacussed with a view to develop rules how to create
"A", Wherever possible, these rules are formalized (see Appendix A), In this way
the indexing of about a dozen abstracts is practiced,
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Abstracts and Indexing Terms

At the end of the session, each "indexer" takes home another batch of abstracts from
which he prepares, on his own, a set of abstract terms, according to the rules. At
the next session these two proposed sets are compared and differences are again dis-
cussed with a view to adapt the rules, These sessions are repeated until the two
lists - prepared at home - are reasonably close,

At this stage another three batches are prepared containing I +A1 different abstracts,
Again two batches 'are given to the two participants, but this time no discussion takes
place. Instead, the two sets of terms are compared by the subject specialist (who so
far had no access to the set of descriptor terms "D"), Where the two lists differ

by more than one or two terms, the abstract is excluded from further analysis (4.1
items). Where the lists differ by only one or two terms, the subject specialist may,

at his discretion, adjust the two lists to obtain "A", the final set of abstract

terms (I items),

Only now, after "A" has been extracted by the above procedure, does the subject
specialiat compare it to the set of descriptor temms "D", He decides to which of
the three classes (joint, inclusive or unique) each term belongs, and which are the
more specific ones, This method should provide maximum objectivity on the part of
the subject specialist,

In his decision-making process he has merely to compare two lists, He will look first
for those terms that appear in both 1lists and will "make-up" the joint list, He will
then have to use his discretion to decide which are synonymous expressions and which
are inclusive ones. Finally he goes over the remainder of each 1ist and checks
whether these are indeed terms for the "unique" 1list,

This process was relaxed for only one special case. It happened a number of times,
that the two "indexers" who prepared the original 1lists of "A"; in their zeal to
include only "semantic terus" in their lists, both decided to exclude an expression
that appeared in the abstract, But when "A" was compared to "D" it turned out that
this very same expression (or an obvious synonym) was indeed included in "D", Where
this happened, the subject specialist was permitted to add the term to "A", We
decided thus because we want principally to compare mechanized retrieval efficiency,
and this "lost term" in "A" would certainly have been found by a computer working in
a free-text mode, :

The next step consists simply of counting, for each item, the number of joint terms
(aj - da - nj); of more specific and less specific inclusive terms
(ams = d§s ; agg = dyg) and of unique terms (ay & dy) for both the set "A" and the
set "D", Each of the above counts is summed for all items, thus:
ny = } ay (all joint terms)
1

ng = i 8mg + dms (all inclusive terms)
I

Rya [ a, (all terms unique to the abstract)
I
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nyq = dy (all terms unique to the descriptors)
1
n, "0t ng (all unique terms)
N =ny +ng +ny (number of terms given to the batch of size I)

We are now ‘ready to try and answer the original questions: Is there a complete over-
lap between the two surrogates or does one give appreciably more (unique) terms than
the other? Does one of them usually have the more specific terms? How large a re-
call loss (fewer entry points) will be sustained if only one surrogate is used for
retrieval purposes?

Most decisions can be based on descriptive statistics, and no advanced statistical

techniques are required. If, for instance, the number of more specific terms in the

abstracts is appreciably greater than the number of more specific terms among the
Bua

descriptors ( 2 amg > > Idms ), then "A" is the more specific set, If - is

small, we know what fraction of the entry points are lost, should we decide to use
only the descriptors. The decision whether to use one or both surrogates, will
thus be based mainly on the expected recall loss, A test of significance will only
be necessary to make sure that we discard the right surrogate, though in practice
this decision will ).;obably be influenced by factors outside this study., To present
the data to the system designer, with whom the final decisions lie, it is thus suf-
ficient to turn it into percentages, Confidence levels of the differences can be
computed using a non parametric test, such as chi-square or - for very small samples
Fisher's exact probability test, '

Example

The above procedure was used to test the surrogates of the U,5,G.R.D.Rs (now G.R.A.)
service. To check to what extend our findings apply to the various sections, we
tested two widely different subjects, namely section 5 covering the behavioural
sciences, and section 9 on electronics, That the abstracts of the two sections dif-
fer markedly became clear already during the "cowpatibility phase", Whereas for
the behavioural sciences quite a few sessions were required, electronics just one
gession, As the electronics section was prepared by the same two participants only
after they had acquired proficiency, this alone might be attributable to the
learning process, But batches in behavioural sciences prepared later were still
more discrepant than those prepared for electronics, In the final batches

Al was 26% for the behavioural sciences and only 5.6% for electronics,
Al + 1
This difference computed according to X%~ is significant with P < 0,01,
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Abstracts and Indexing Terms

Table 1: Comparison of number of terms in "A"™ & "D" in the

No. %

37
N 624 100
ny 139 22,2
ng 65 10,6
Nya 170 27,2
nyd 250 40
ang 54 8.8
dne 11 1.8

Table 2: Comparison of number of terms in "A" & "D" in

¢:lectronics,

No, %
35
458 100
l‘lj 104 22.7
ng 35 7.7
ya 194 42.3
Nug 125 27,4
a . 25 5.4
ding 10 2,2
389
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The various counts for these final two batches are given in Table 1 (for behavioural
sclences) and Table 2 (for electronics). Clearly, there is little overlap between

the two surrogates, as fully 2/3 of the terms are unique. It ia perhapa of interest
to point out that, while in one section one surrogate provides more unique terma,

in the other the position is exactly reveraed. Thus we cannot aay which aurrogate
may be dropped (should one really be prepared to forgo a quarter of the entry points).

The more specific of the inclusive terms are always more numerous within the abstracts
with a significance level of 0.01 < p < 0.02 for section 9 (electronica); and of

P < 0.01 for both section 5 (behavioural sciences) and the two combined aectiona. It
appears that the process discribed in the beginning, namely to use "D" aa a aieve for
pinpointing possible hits and use the abstract for the final check, whether the item

is relevant, may be useful (although the many unique terms in the abatract make this
technique less attractive), '

Before taking any final decision we would crosa-validate the reaulta, by repesting
the experiment - possibly on another two sectiona,

Appendix A

Examples of "Rules how to prepare set "A",

1. List all words you deem relevant and all words you do not understand,
2, If synonyms appear, list them.

3. Keep concepts separate.

4, List all countries except U,S5.A,

5. Abbreviations must be written out,

6. Look at the bibliographic details to see if they add anything relevant,

7. Formulas and numerical values shall not be listed.
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EVALUATION OF RETRIEVAL EFFECTIVENESS IN RELATION

TO USER REQUIREMENTS. :

SOME CASE STUDIES FROM THE COMPUTERIZED INFORMATION
g%gg&ﬁxth SYSTEM AT THE ROYAL INSTITUTE OF TECHNOLOGY,

Z. Gluchowicz
Head of Documentation Department
Royal Institute of Technology Library, Stockholm

SYNOPSIS

The report gives a short description of the computerized
information retrieval system -SDI- (Selective Dissemination
of Information) at the Institute. The user population is
presented and the distribution of profiles by subject
categories is indicated.

The evaluation of the retrieved information is based on the
feedback from users according to the Katter scale.

The cases studied represent real requests made to the system
by types of users representing research at the industrial
comunity and at universities. The requests chosen reprasent
science-oriented and discipline-oriented queries. The SDI
system at the Institute has been in operation since 1967.
About 1200 queries generating about 2000 profiles have been
run in the system during periods of varying length from six
months to three years. ‘
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V Evaluation of Retrieval Effectiveness

Introduction.

gvaluation of effectiveness for information retrieval systems is frequently
expressed in terms of precision and recall ratio although there is a variety of
components influencing the effectiveness of information search.

The precision ratio is generally described as the proportion of relevant items:
retrieved over the total items retrieved and the recall ratio is the proportion
of relevant items retrieved over the total relevant items in the system.

Since in real-user euvironment the user of an operating retrieval information
system is the only person to make evaluation of relevance, precision and recall
depend on subjective estimation of relevance.

Precision figures based on evaluation relevance of real requests made to an
information system may be established with a reliable degree of accuracy, while
recall figures for a big information system can only be estimated hypothetically.
The present paper deals with retrieval effectiveness evaluated by users in terms
of relevance. The precision figures are based on the performance of real requests
submitted to an operative information retrieval system.

System description.

Ihe Royal Institute of Technology, Stockholm has developed a computerized
information retrieval system -SDI- Selective Dissemination of Information -

with the goal to ensure an extensive ready access to documentation in subject
fields of interest for the industrial community and for the educational and
research program at the universities and research institutes in Sweden. At
present the SDI system processes 14 different databases, 11 which are externally
generated and 3 which are internally generated. (Table 1) The total amount of
references processed exceeds one million references a year.

Eachidatabase has its own record format designed and developed by the system
originator.

The problem of incompatibility of tape information recorded in different formats
has been solved at the Institute by the mean of a general program system for
information retrieval - ABACUS. The system has been developed through the
initiative and guidance of the head Tibrarian Bjorn Tell.(5) :

Profile performance.
The profgle 15 a Tist of terms significant to the query which will potentially

be found in the references. (Table 2)

Terms or groups of terms are linked together in a logical manner as expressed
in the search strategy. The required connections between words or groups of
words are expressed by using Boolean logic, the logical operators being "OR",
IIANDII R IINOTII.

The search strategy may be expressed by one or several alternative logical
connections, each connection may contain several parameters.

The symbols for the logical operators used at the Institute are:

lll'l for IIORII' ll&ll for IIAND". ll—|ll for IINOTII.

Profile 87 B (Table 2) is presented here as an illustration of a search
strategy comprising four alternative logical connections. Each connection
contains one or several paruameters which the items retrieved have to satisfy.
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Profile 87 B
Subject field: Array antenna design.
Search strategy: —VES(A&(2D |CaD)| B&(C|D))

Nr. Grp Search term

00710 A ANTENNA*
0020 A APERTUR*
0030 A  AERIAL»
0040 B  ARRAY*
0050 C PHASE COMPARISON*
0060 C  MONOPULS *
0070 D EQUIVALEN *
0080 D PATTERN *
0090 D  SYNTHES*
0100 D EXCITAT*
0110 D DIFFEREN *
0120 D DESIGN*
0130 D SIDELOBE *
0140 D DISTRIBUT *
0150 D PLANAR *
0160 D  GAIN®

0170 D  TAPER*
0180 D RADIAT *
0190 D  COLLINEAR
0200 D  COHERENT *
0210 D DIRECTIVIT *
0220 D  SIDE LOPE*
0230 D  SLOPE*
0240 D ERROR *
0250 D  CIRCULAR*
0260 E ENDFIRE *
0270 E YAGI

0280 E  CYLINDRIC*

Profile printout

i

User Requirements

* truncation flag
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V Evaluation of Hetrieval Effectiveness

According to search strategy “EA(AA(2D| CAD) |B&(C|D)) an item will be retrieved if
any one of four following connections is satisfied:

1. AM2D

2. ALC&D

3, B&C

4. BMD

and none of the terms in group E appears in the references.

Any one of the connections 1-4 will be satisfied if the {tem retrieved contains
one of the following combinations:

Connection 1: (word 10 OR word 20 OR word 30) AND (word 70 AND word 80
OR word 70 AND word 30 OR ... OR"word 70 AND word 250 OR
word 80 AND word 90 OR word 80 AND word 100 OR ...0R

word 240ARD word 2507 but NOT Tword 260 OR word 270 OR
word 280) -

Connection 2: (word 10 OR word 20 OR word 303 AND (word 50 OR word 60)
ND (word 70 OR word B0 OR ...OR"word 250) but NOT (word
750 OR word 270 OR word Z80)

Connaction 3: word 40 AND (word 50 OR word 60) but NOT (word 260 OR
word 270 OR word 280) '

Connection 4: word 40 AND (word 70 OR word 80 OR ...0R word 250) but
NOT (word 260 OR word 270 OR word 280)

These connections represent 572 alternative possibilities for items to be
retrieved.




User Requirements

Profiles distribution (June 1969).
User groups:

Government and local administration
Govermment research institutes
Trade associations and institutes
Universities

Libraries.

Private companies

Individual researches

Subject categories:

Mechanical engineering

Iron, Steel and metal manufacturing
Polymer technology

Chemical technology

Physics

Electrotechnology

Control and computer technology
Reactor technology

Wood, pulp and paper
Telecommunication
Transportation, packaging
Business administration
Inventories and storehousing
Food industry ’

User-system interaction.

Tn a batch processing information system the user-system interaction is
maintained by means of a dialogue between user and co-ordinator. When
submitting a query to the SDI system the user has to provide a statement of

his fields of interest in natural language in a narrative way giving a detailed
description of his subject field. He may also provide a draft propesal for his
search profile. This he can do on the basis of the Profile Design Manual issued
by the system author. )

The first stage of a user-system interaction is the dialogue butween the user
and the documentalist at the centre clarifying the scope and nature of the
query. As the user is the only person to give a correct statement of the requests
the statement should preferably be made by himself and not by an intermedary
such as a librarian or an information of ficer. Therefore the documentalist at
the SDI centre insists on maintaining direct contact with the information
user,(Table 3)

The second stage of the user-system interaction takes place when the profile

is being defined. This dialogue is necassary for selecting search terms for the
profile and for the decision on the sedrch strategy.
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GENERALIZED FLOW CHART FOR PROFILE CONSTRUCTION

The S subscnber provides nareative
description of requested information

¥

Ref refevant (0 the wb.

The documentalist checks his integpeata-
tion of the subject

ject pravided by the customer

atement v specilic scarch words, Sy no-
nyms, relatedsubject phrases, narrower

Thesauri, glossaries, handbooks,
indexes and titles in sbstract
journals

Munual for profile construction

Maaual (or profile input codes

| » terms, hroader 1erms, author names, jour-
nal titles, author affiliations
Teuncation of terms
Construchion of search lugic, which del
nes subject by combining groups af
scarch tenms using logical vperatars
r_' Seurch terms and scarch logic coded for
input
Search tenns and search lugic punched and
read into computer
Yes
f r
Search
References
Subwriber cvaluates profile and oefe-
rences
Table 3
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Profile stored in magnetic 1ape
profile store

IS1 Source Tupe

KTH Mech-Eng

POST

INSPEC

Metals Abstracts fndex

Cureent fndex 10 Canference Fapers in
Engmeering. Chemistry & Life Sciences
COMPENDEX

Nuclear Science Absiracts

Abstract Butletin of The Institute
vf Paper Chemistry

Foud Science and Technology Absracts
ERK Master Fites

Scientific snd Technical Astopace
Repurts

International Aerospace Absiracts
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User Requirements

kontaktpereon

Formuliir 3

ARRAY/ GAIN/

B0RGIOTTI, G.V.

ALTA FREQUENZA (ITALY)

VOL.39, NO.8 701-205 AUG. 1970

87038246

IMPEDANCE AND GAIN OF A DIPOLE IN AN INFINITE PERICDIC PHASED

ARRAY

ANTENNA/ PLANAR/ DIRECTIVIT/

FORIMAN, 8,2,

RADID SCI. (usA)

VOL.5, NQ.7 1077-83 JULY 1970

A NOVEL DIRECTIVITY EXPRESSION FOR PLAMAR ANTENNA ARRAYS

ARRAY/ RADIAT/
KILLICK, E.A.  Z0LEDZIOWSKI, K,A. PORTER, N.E.
1969 EUROPEAN MICROWAVE CDI\FEREMZE
393-402 1970 SEP 1969
RADIATION OF DUAL PDLARISATION FROM LINEAR ARRAYS

ARRAY/ DESIGN/
HART, G. VIOWA, R,
1969 ELROPEAN MICROWAVE CONFERENCE
443-6 1970 SEP 1969
DESIGN OF L, C AND S BAND SOLID STATE ARRAY MODULES

ARRAY/ DESIGN/
PATTON, W.T  STAIMAN, O.
1970 IEEE INTERNATIONAL CONVENTION DIGEST
390-1 1970 MAR 1970
INTEGRATED CIRCUITS IN ARRAY DESIGN

ARRAY/ DESIGN/
ROSENBLATT, A,
ELECTRONICS (USA)

B70308254

B7038257

07038258

B7038259

B7038621

VOL,. 43, NO.15 7881 20 JULY 1970
VERSATILITY IS DESIGNED INTO DUAL BAND MOOULE FOR PHASED ARRAY
SYSTEMS
Table 5
399
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V Evaluation of Retrieval Effectiveness

On the basis of the user’s statement the documentalist at the centre compiles the ;
1ist of search terms which are significant to the query and are potential terms i
in the references. As the SDI system at the Institute is a free-language system '
the exhaustiveness of the terms in the profile is an important parameter in

retrieval efficiency.

Submitting a query to the system the subscriber may indicate on the order card

his requirements for precision and the search strategy is formulated according

to these indications.

The search output - list of retrieved references - (Table 5) is delivered to the
subscriber together with an evaluation form designed according to Katter’s six
grade scale. {Table 4)

During the experimental period the SDI service at the Institute was free of charge
and the user was asked to evaluate the information received. The users” evaluation
was used as feedback for modifying the profiles in order to obtain precision and
recall corresponding to the users” needs and judgment.

At the feedback stage the documentalist at the centre amends the search strategy
and/or search terms in order to obtain greater search efficiency.

.Profile adjustment continues the dialogue between the user and documentalist.

During thé fiscal year 1968-69 a total of 36072 references were evaluated. These
references have been selected by the SDI system on the basis of individual pro-‘\
files, which as of June 30 1969 numbered 845.

Users” evaluation References Percentage .
1. Of immediate interest 9080  25.1 E
2, Of interest, I have already read it 2859 6.8 . )
3. Of interest, but not for immediate use 11009 30.6 ;
4. Cannot determine interest, because the !

citation does not provide enough detail 1306 3.6 :

5. Of no interest, because material does not |
correspond to what I have described to

the system, 11913 33.0
6. Of no interest, because my interests have
changed since I described them to the system. 305 0.9
I507Z TOD.0
Table 4

The figures on Table 4 are based on relevance evaluation of real requests in
real user environment during the free-of-charge period.
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User Requirements

Experiences. . C . :
whnen tne SUI service at the Institute became subject to an annuai charge ( $60:
a year) several subscribers continued to evaluate the received information. They
appreciated these feedback possibilities for amending profiles.

The users were aware of two significant factors:

A) The SDI system at the Institute is not a static system, development work is
continously done with emphasis on programming modifications and system
techniques. New databases are being included in the system in order to obtain
more comprehensive coverage in the subject fields of the queries.

B) The users” fields of interest is not static either. The priority of certain
aspects of the subjects of interest may change at various times and the
profiles have to be modified corresponding to these changes. The staff of the
system must often review the profiles and suggest appropriate changes..-The
documentalists™ initiative and suggestions are appreciated especially by
these users who seldom do anything to their profiles.

The great majority of users who entered their subscription to the system after
the free-of-charge period are evaluating the retrieved information during the
initial period when the profile has to be amended frequently. During this period
the staff at the centre is analysing the failures such as wrong correlation of
terms, overrestrictiveness or broadness of search strategy etc. When the search
results are satisfactory to the user”s need, the user often ceases to make
evaluation assessments.

The cases illustrated in this paper were chosen because of the longest duration
of the evaluation period. They are cited according to the chronological sequence
that the queries were submitted to the system. Of the 18 cases illustrated,

7 stem from private industrial firms, marked with the letter "I", § stem from
governmental research institutes, marked witvh "G"and.'3from Universities marked
with "U", The databases searched in each case are also listed according to the
chronological sequence in which they have been searched. As the Source Data
Tapes have been searched since 1968 the biggest number of references in the
illustrated cases come from this database. (Table 6)
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Case 1.

Query: Theory of roller bearings. Theory of lubrication. (1

Evaluation period: 9.12.1968 - 5.2.197

database number of references
first name of retrie- evaluated
search tape ved total 1 2 3
9.12.1968 | 151 2N 214 49 49 115
11.2.1969 | MECH-ENG 65 58 10 18 30
30.1.1870 | METADEX 35 29 7 3 19
16.10.1970| COMPENDEX 27 22 3 12 7
total 398 323 69 82 m
ggggen- 21,51 25,5 ] 53,0
%
100
90
v 80
. -§ 70
W
- 60] 3
©
Y
T 504
T
¢ 40
1+
§ 30 2
[Yoy
° 20
&
o
£ 10 !
bt
W
(=9
relevant irrelevant
14243 445

(see table above)

relevance rating

402
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Case 2.

Query: Mobile radio communication equipment

Evaluation period:

11.2.1969 - 3.2.19N

(1)

database number of references
first name of | retrie- evaluated
search tape ved total 1 2 3 4 5
11.2.1969 | ISI 32 24 4 4 7 - 9
29.12.1969| INSPEC 50 3 8 4 8 1 4
28.10.1970] COMPENDEX 4 4 - 1 1 - 2
total 85 63 12 9 16 1 2%
Bagecn" 19,0 ] 14,3| 25,4 1,6 ] 39,6
%
100
90)
v 80
:.-_, 70
[
- 60
‘o
3
3 50|
=
Y 40 3
=
e 30
-
b3 2
o 20 5
3
< 10 1
o
3
relevant irrelevant
14243 4+5

(see table above)

relevance rating
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Case 3 .

Evaluatiqn period: 21.2,1969 - 3;2.1971

Query: Noise generated by hydrodynamic devices  (6)

v

number of references -

database’
first name of
search tape

retrie-
ved tota)

evaluated
1 2 -3

21,2.1969

151

84 45

1. 8 21

10

16.1.1970

INSPEC

70 |44

¢ |9 |

10

total 4 |89 |5 [ Je |7 |2
ercen- 5.6 | 19,1 | 45,0 | 7,9 | 22,4

percentage of totel evaluated references

relevance rating

8Q
70
60
50,
40 33
30 '
20
. 5
10
| 4
relevant frrelevant
14243 +
(see table above)
[ ]




Case 4.

Query: Fluidic devices (6)
Evaluation period: 6.4.1969 - 5.2.19M

database number of references

evaluated
total | 2 3 4 5

first " name of retrie-
search tape ved

15.5.19%9 | IS1 1 s | e 20 n.| 3.13 5

16.0.196 |oech-ems | 14 a8 |07 | e |3 | |9
{re02asol mspec | 29 |iss |s7 [ | 3 |2 |

total - %8 239 | | 9 |2 |s
!igj . | 3.3/ 22.6] 38|26 207 3
5 |
100 ;
901
é )
¥ n |
=
- R
3 & 2
-
fo |
3 %
k3
20
8 . 8
g 10
E .

relevant . frrelevent
. 14243 “
(see"table adove) '

relevince rating . .
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{ Case 5.

Query: Calculation of electrical power networks  (I)

Evaluation period: 2.5.1969 - 5.2.1970

database number of references
first | name of | retrie- evaluated
search tape ved total | 1 2 3 4 5
-2.5.1969 | ISI 290 245 52 13 97 6 77
29.5,1969 | MECH-ENG 29 14 - - 7 - 7
18.12.1969] INSPEC 645 489 80 7 {200 8 1193
16.10,1969| COMPENDEX 56 28 3 6 5 - 14
total 1020 776 |13 | 26 |310 14 29
percen- 17,4 3,3) 40.0] 1,8] 37,5
age
%
100 ’
i %0}
; o 80 :
i g (
3
5 ;
Q
- 60|
o
]
; 3 50,
i E
@ 40
"
3 30 3
+ N
‘s
o 20 2 :
g o 5
X c 10
; Q |
! 2
: &

. relevant  irrelevant
; 14243 445
' (see table above)

relevance rating
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Case 6.

Query: Cereal-based foodstuffs

(1

Evaluation period: 2.5.1969 - 21.12.1970

(see table above)

relevance rating

407

.94

database number of references
first name of | retrie- evaluated
search tape ved total 1 2 k] 4 5
2.5.1969 I1S1 504 491 147 3 19 18 132
16.10.1970 { COMPENDEX 3 3 - - - - 3
total 507 494 147 3 191 18 135
Bages" 29,4 0,6 | 38,6/ 3,6 27,4
3
100
90,
v 80
g
s 70
¥
= 80
o
!
5 50|
E 3
@ 30
o
8 30 F:'t_—:
S 20
5
a3 1
s 10 5
2
g N )
relevant  irrelevant
14243 445
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Case 7.

Query: Compressors

(1)

Evaluation period: 27.5.1969 - 5.2.1971

(see table above)

relevance rating

408

0

4

database number of references
first name of | retrie- evaluated
search tape ved total 1 2 3 4 )
30.5.1969 | IS1 276 219 50 - 87 4 |08
27.5.1969 | MECH-ENG 247 232 |15 4 52 2 |
28.2.1970 | INSPEC 50 50 6 - 14 - 30
16.10.1970{ COMPENDEX 50 39 6 - 17 - 16
total 623 540 |213 4 |0 6 |7
@%52’"’ 3951 0,2] 25,9] V1] .8
Z . e
100
90,
o 80
g .
70
<
§ 60
: 5 50J 3
s
el e=e.-.=4
g %
L%
; 20
5
% 10
X
relevant  {rrelevant
14243 445




Case 8.
Query: Technical forecasting on the development of electronics (G)

Evaluation period: 13.8,1969 - 5.2.19N

e e, L

database number of references i
first name of | retrie- evaluated i
search tape ved tota) 1 2 3 4 5 %
13.8.1969 | ISt 206 179 {12 6 14 1 |6
8.12.1969 | INSPEC 427 a2 50 14 2) 1 326 ;
16.10.1970{ COMPENOEX | 22 1| - R - in
]
total 655 | 604 |63 [20 |36 | 2 |83 j
HY 3 10,4 3,3| 6,0] 0,3]80,0 gi
% !
100 %
90, g
{i -
w ¥
g 8
]
EE 70
U i
- 60 N ' i
R o
: 3
: 8 50/
f‘ F
: Y 40
T EE 30
3 {
[ 5 5
S 20 |
& 3 E
g 2 |
e 1 .
& |
relevant . irrelevant ,
. 14243 445
N , (see table above)

relevance rating ‘
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Case 9,
Query: Pumps and pumping  (I) ;

Evaluation period: 19.8.1969 - 5.2,1971 |

database number of references

first name of | retrie- evaluated
search | tape ved total { 1 2 3 4 5

20.8.1969 | ISI 435 393 | 5 12 66 17 |28

19.8.1969 | MECH-ENG 492 419 63 4 ns 5 232

(5]

16.10.1970 | COMPENDEX 33 17 7 - § -

total 960 829 N125 16 |186 22 480

Rage:" 150 | 1,9 22,4 2,6 | 58,0

80
70
60)

50.

40
30

20

3.
I 4

10
1

A
" 2

percentage of total evaluated refereiices

relevant irrelevant
Y4243 445 ’
(see table above) '

relevance rating




Case 10.
Query: Chlorinated hydrocarbons in different organisms
Evaluation period: 25.8.1969 - 23.1,1971

(V)

(se2 table above)

relevance rating

database / number of references
first name of | retrie- evaluated
search tape ved total ] 2 3 4 5
25.8,1969 IS1 739 685 1192 26 460 5 2
8.9.1969 POST-P 56 Lk} 4 - 13 20 6
26.9.1969 | POST-J 24 7 5 - 7 5 -
total 819 745 1201 26 {480 30 8
REoee" 27,0 | 3.5 | 64,8 | 4,0 | 1,0
]
100
90,
v 80
:
70
3
;é 60
- k]
S 50
F
:f 40
3
g Z
Y
© 2
&
g 10 1
(%]
1 E
relevant - irrelevant
14243 445




Case 11,
Query: Nickel-iron batteries, iron electrodes (u) -
Evaluation period: 3.9.1969 - 5.2.1971

database - number of referenqcs.
first name of | retrie- evaluated : !
search tape ved total | 1 2 3 4 5 g
3.9.1969 181 50 22 1?7 2 2 - 1
6.9.1969 MECH-ENG 8 8 2 - 5 .. 1
30.1.1970 | METADEX 30 26 5 2 18 - 1
9.3.1970 | INSPEC 6 5 1 . 4 . .
total 9% 61 25 4 29 - 3
parcen- | ] w0 es|{as| - | 49
% >.‘
100 Lo
90 1
i
g 80 ;
g
§ 70 ;
; 60
Iw
2 2
v ®
3 »
[
° 2
& 1
g 10
i mam
relevant  irrelevant
14243 4+5 -

(see table above) ' ) . !

relevance rating

412

58




Case 12,
Query:

Evaluation period:

i ™ 4

Aerials (6)

6.9.1969 - 5.2.197

database numbér of references
first name of retrie- evaluated
search tape ved total 1 2 3 4 5
6.9.1969 151 356 332 12 52 N2 - 156
29.12.19691 INSPEC 53 40 9 12 18 - 1
16.10,1970 | COMPENDEX 6 4 - 1 3 - -
total 415 376 24} 65 133 - 157
Bage 5,6 | 17,3 ] 35,3 - | 4,8
%
100
90,
v. 80
|
8 70
Q
~ 60
o
3
55 50,
3
: 40 _
N
e 30 3
LY}
Yo
: 20
A 2 5
t 10
1
X -
relevant jrrelevant
14243 445

(see table above)

relevance rating

413
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Case 13,
Query: Optimization of breventive maintenance (n

Evaluation period: 7,11.1969 - 5.2.1971

\ database number of references :
first name of retrie- evaluated §
search tape | ved: total 1 | 2 3 4 5 :

12.11.1969 | 1SI 107 99 | 73 3| 3 |.3
7.11.1969 MECH-ENG 79 n 43 6 20 2 -
28.2.1970 INSPEC 88 87 65 3 15 1 3
16.10.1970 | COMPENDEX 20 n 10 - 1 - -
total 294 268 | 191 12 53 6 6
ggggen- n,3 4,51 19,8] 2,2 2,2
%
100 ‘
90}
2 80 3
g |
Q 2 }
39 70 g
e )
-~ 60]
=) b
3 j
3 504 ;
'
Rl 1]
‘D
® 0 1
P
Y
© 20
&
8
= 10
3
& 3
(- -
relevant irrelevant
14243 445

(sce table above)

relevance rating ¥

4

L . 60




Case 14,

Query: Information on radiation protection (G) ;
Evaluation period: 30.3.1970 - 23.1.197) j
- i
i database number of references :
| " - !
| first name of retrie- evaluated ;
| search tape ved totalt | 1 2 3 4 | 5 :
3 30.3.1970 11 695 642 {139 47 74 10 372 *i
s
‘ 1.4.1970 INSPEC 281 247 70 23 17 4 133 %
‘ , 26.5.1970 | NSA 575 436 |15 {30 | 83 - | 208 |
total 1551 1325 324 100 174 14 n3
i
srcen- 20,0 7,8] 13,0 | 1.1 53,9 ‘§
] i
100 i
1
90, {
i
o 80 f
(¥) .
5 -
= 70
3 '2 .
.Y
| 60 :
b -]
3
8 50
s
@ 40 3
‘o
° 30
et 2
‘s
" 20 5
3
e 10 1
3
[
3

relevant - 1irrelevant
14243 445
(see table above)

relevance rating

415

61




Case 15.
Query: Influence of mineral nutrients on morphogenesis (V)
Evaluation period: 2.6.1970 - 23.1.19N

database number of references
first name of | retrie- evaluated
search tape ved total 1 2 3 ] 4 -5
2.6.1970 | 1s1 1032 | w2l |1 |as |29 [n3
total ‘ 1032 | 1032 | 44 1 [a5s |29 |n3
gsge"' : 4,3 0,11 23,8 2,8 | 69,0
%
100
g
g 8
, E, 70
/ £ o) i
. - f
3 a
S 50l
=
@ 40
‘w
- g 3 5
[
; 20
3
% 10
8 1 .
relevant  {rrelevant
14243 445

(see table above)

relevance rating

416
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V EBvaluation of Retrieval Effectiveness

Conclusions.
Rccording to Heaps (8) the effectiveness of mechanised information retrieval system

expressed in terms of relevance may be represented as a function of question,
estimate of relevance and database.

Effectiveness = F (question, estimate of relevance, database)

This functional definition of effectiveness is consistent with our three years of
experience with the SDI system at the Institute.

The user”s information need, his statement of request, his relevance requirements
and relevance judgments, his tolerance of irrelevance makes him a significant
parameter of this functional definition of effectiveness. The system exists for
the user and in order to satisfy the user’s need. The databases have to be chosen
wit2 the goal of covering the fields of interest of the queries submitted to the
system.

In the SDI system at the Institute most of the profiles are searched on several
databases, because the queries are more problem-oriented than discipline-oriented.

The distribution of profiles among the databases as of December 1970 is shown
in the table below.

Number of profiles Number of databases searched

62
58
63
201
187
32
4

NS W N —

Although the system is based on a multiple data file, there was no significant
overlap among the data bases. Infact they tend to be complementary by handling
different aspects of subjects.

The effectiveness of the search results in suitable databases has depended in

a very high degree on the active interest of the subscriber. The user with
experience and training in information work or with some knowledge of the basic
principles of a-mechanised information retrieval system will have a more
meaningful dialogue with the system. He takes a more active part in the develop-
ment of his profile and his requirements of precision and recall are easier to
satisfy because they are more realistic. According to our experience scientists
working with basic research are more inclined to use a broader search strategy,
they are interested in browsing through greater amount of references and there-
fore are more tolerant of a higher percentage of irrelevance. (case 8)

The engineer from the industrial community prefers a more restrictive search
strategy. He requires higher precision even when he knows that he may miss an
amount of relevant information not retrieved. He tolerates this omission
because his reading time is 1imited to a few references and he does not have
the possibility to retrieve these items by a manual search in a large database.
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User Requirements

Profiles giving search results with 90% or 100% relevance (case 1) very rarely
occur, ;he overage precision in the system as evaluated by the users is ranging
from 40% - 65%.

The increased attention to the user as significant part of an information retrieval
system has stimulated various kinds of user studies.

This paper does not give an evaluation study or a user study as such. Such
statistical study demands a great amount of evaluation assessments from the users
and a continuous feedback analysis. .

A computerized system designed to measure retrieval effectiveness in terms of a
real user behaviour, gathering and maintaining data for different decision
functions would be a desirable tool for a reliable study. With the increasing
implementation of on-1ine techniques transactions files for such studies will be
easier to create and maintain.
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CYBERNETIC ANALYSIS OF COMMUNICATION SYSTEMS

Patrick R. Penland and James G. Williams

Graduate School of Library and Information Scierces

University of Pittsburgh

SYNOPSIS

There is a pressing need for research to test the cybernetic model
of communication. This need is met in part by an experimental
community encounter system, where the entropy reducing components
of the cybernetic model operate in a simulated social system. This
system hzs been developed at the Graduate School of Library and In-
formation Sciences, University of Pittsburgh for research and in-
structional purposes. Demographic, land use and legal data of
Allegheny County (metropolitan Pittsburgh) serve as a cold-start
constraints before fifteen weekly cycles carry the encounter sys-
tem fifteen years into the “future." The on-line/off-line model
is cybernetic in terms of its response to ineput {man or machine)
and can cause new interpretations of the response by those receiv-
ing the input for the next cycle (man or machine). The encounter
model of decision making involves information handling specialists
in the organizational and interpersonal effects of information
transfer in governmental, management and community decisions, and
provides for the collection and analysis of data on a number of
cormunications and sociological variables for research purposes.

Introduction:

Since communication is the process of creating situations (dyad, group, commu=-
nity) in which meanings can be engendered in people (15), then considerations of
comunity context cannot be ignored by those in the communications profession. In
general, it is the function of the disciplines to create new knowledge (largely for

its own sake).

On the other hand, the professions endeavor to make knowledge kinet-

ic (information surprise) in the lives of people and call attention to lacunae in
knowledge which if researched and created by the disciplines, would be socially

useful (18).

Without this symbiotic relationship, the disciplines become overly

academic and the professions waive any leadership role for civic betterment and
social accountability (19).

Until recently, no underlying theory of the societal enterprise existed which
wag not a static model. Even the model proposed by Hall (8), whoce concept of
“awareness" is particularly insightful, csmnot easily be related to cybernetic
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theory (17). There exists however the socio-drama model of Burke-Duncan (10) which
can account for the cybernetic interaction of community endeavor. The rules of the
social enterprise constitute the behavioral outcomes of the roles played by adapt-
ive control organisms as they react cybernetically to the perceptions of latent
and even explicit social entropy.

The adaptive control organism has a built-in and dynamically creative antip-
athy to entropy. Necessity may be the mother of invention, but the imperative to
escape entropy is the critical social matrix of significant symbol. Men demand
structure almost more than bread as the reasoned and concluding statement of
Brinton in his Ideas and Men (4) would indicate or as the pessimistic pronounce~
ments of Toffler (20) would in a negative way try to panic the social enterprise.

Granting that men demand structure, the tragedy has been that most social the-
oreticians have proceeded in their analyses upon the basis of mechanistic princi-
rles (2). However an alternative position has been developed which cybernetically
shapes the referents of the symbolic enterprise (9). The cybernetic structuring
processing of the symbol releases participants from both the mechanisms of the
mores as well as the Berkeleian solipsism. This model has been embedded in the
community encounter system developed at the University of Pittsburgh with both on-
line and off-line role components.

In the community encounter system, constraints are abstrected from societal
patterns and operate within the democratic rules of gaming procedure, Participants
deploy themselves according to models of communication, employing sociodrama for :
its function of guiding social criticism and information surprise as the motive for ;
change. While the inclination of powerful elements in the social order is towards !
criticism only, information supply is positive and developmental, encouraging other i
participants towards a "profiles of courage'" approach.

In ord<r to realize its cybernetic potential, communication science must in
Duncan's words '"take into account what was communicated, the situation in which
the communication occured, the kind of person who communicated (i.e. his role), the
means he used, and the social purpose of his communication' (10:17). Duncan goes
on to develop his thesis in the explication of several axiomatic, theoretical and
methodological propositions. These are the propositions of sociodrama theory which
may be refined as they are verified through research design, It is one thing to
talk about research design in the sense of traditional social sclence (13). It is
quite qnother to determine and assemble the research contexts wherein theory can
be verified, let alone establish experimental vehicles for the testing of hypoth-
esis (9).

Community Encounter System:
There is a need to know more about the communicative abilities of humans as
well as the means for predicting such ability based upon experimental techniques

which minimize error and maximize yield of information. The community encounter
system has been developed to study an on-going simulated environment which faci- '
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Communication Systems

litates resesrch on the problems and component relationships of communication. The
encounter system provides for a gestalt of social activity wherein the entire ga-
mut of human communication csn be studied. The encounter simulation provides a
central focus in the development and evalua:ion of new programs and methods as well
ss the social justification of existing ones, It also focuses attention on the
need for long rsnge systematic research as a basis for planning situations wherein
effective communication will be engendered.

For example, on an elementary level, videotapes and the computer have already
proved much more effective in recording complex behavior for measurement purposes
than the traditional pencil and paper methods. Of course the '‘cameramen" are under
control of at least one researcher to ensure that its "selective eye" follows the
"senge" of the dynamic encounter situaticn being recorded. The computer monitors
the input of each role participant, provides print-outs of individual and group
performance as well as statistical analyses and updates the constraints for each
succeeding weekly (annual) cycle.

The encounter simulation is a unified model of communication based on a very
few principles which are available in cybernetics. Cybernetics in its assumption
and principles is sufficiently general to consider it a unified approach to commu-~
nication, It can be a powerful tool for communication analysis. Homeostasis is
not simply a response to a stimulus, but a process occuring in all parts of the
encounter system and results from a transactional process among ever extending
sub~systems, Cybernetic analysis can be used to diagnose interpersonal relations
and categorize such transactional behavior as the communication components which
accgmpany the self-stabilizing interactions of the entire encounter system. The
tral@actional process requires communication of information and motives at many
levels. Information processing can be related to the activities of learning,
thinking and understanding.

R

Based upon previous knowledge as codified in the social sciences (ll) and in
particular information science (14) a number of assumptions underlie the vesearch
vehicle. Principally among these assumptions are the following:

People are willing to pay for infoxrmation as a social resource to
the degree that it is perceived as an essential ingredient in
; decision making. :

The degree of consensus underlying the decision making process as
represented on the print-out varies directly as the encounter 3simu~
lation progresses.

The number of pecple involved in decision making varies directly
with the range of contacts in the communication system. -

Feople in encounter role playing situations react in a manner
isomorphic with real life,
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The function of criticism keeps the social lyltem under control
in terms of community objectives.

Power structure response to continuous citizen criticism follows

an crdinal distribution: (a) agreement and well-wishing; (b)
cormittees and/or commissions are appointed; (c) economic and/or
legal action occurs as a result of committee or commission reports.

The advantage of cybernetic analysis is that the model transcends subject
boundaries, and views people and institutions as adaptive control systems of re-
ception, transmission, evaluation, and storage. Input is perception; judgement is
decision-making; and output is behavioral action. The findings of the newer "inter-
disciplinary" social sciences have been synthesized in order to explicate the three
components of the cybernetic model., This encounter model has been developed to re-
place the verbal speculation of the older social sciences with the on-line and off-
line cybernetic components of reception, decision-making and behavioral patterns.

The teleological thrust of the off-lin: roles is toward cooperative or compet-
itive behavioxr for valued ends by employing the entropy reducing functions of cy-
bernetics for research purposes. The findings of each of the newer social sciences
shed light upon, and delineate research matrices for the functions of the three
components of an adaptive control organism. The following table which is somewhat
nore abstract than Figure 1, indicates the cybernetic components of the community
encounter system which has been developed for research and instructional purposes:

Cybernetic Model Components

Perceptor Interpretator Effector %
Organized and pro- Role=structure (off- On~-line Data Matrix :
. Jjected information and on-line) :
: Mass Communication Cognitive structure: Land use ;
; Organizations organized information Financial f
; space * constraints f
: i

Talking chains Affective structure! Legal constraints
pover Demographic '

; conatraintes
' . govarnment

)
!
% ' *

ERIC | - %0
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\
The encounter vehicle has been designed to explore a number of theoretical

consjiderations. Among the propositions for which measurement devices have been
initially developed are the following:

The understanding of participants towards their roles varies directly
with increased information and communicative contacts.

Social power varies directly with the ability to supply 1n£ormatioﬁ
for decision making and with the number of communicative contacts.

The complexity of decicion making processes varies directly with

the amount of information available and the number of communicative
contacts.

The explication of social issues and problems is a function of
information.

Issue awareness and problem identification varies directly with
citizen involvement and monitoring of governmental decision making.

The first component of the cybernetic model, stimulus and reception, has been
explored in the disciplines of information theory, linguistics, sign and symbol
behavior which together lay a foundation for the analysis of information surprise.
From a cybernetic system-model point of view there are two basic purposes for
communication: to inform and to motivate, Communication functions to alter a
receiver's concepts and to change his preference and feelings so that a wider range
of alternatives exist for decision-making and behavioral response. This has the
effect of increasing the complexity of decision waking as well as extending the
time interval between problem identification aud behavioral action. In the con-
struction of a message, it is necessary to build in informational and especially
motivational referrents (12). MHowever, according to the sociodrama model of cownu-
nicstion (10) and the experience of the mass media in persuasive commu.ication,
motives are changed first and then concepts are filled in.

Human behavior is the output of a controlled, not an uncontrolled system.

This viewpoint is consistent with the analy:ical concepts used in communication,
decision-making znid systems analysis whicn are considerations in the selector and
effector stsges of the cybernetic model. In addition, they are similar to the in-
formational and motivational aspects of communication, to the opportunity and pre=
ference functions of decision-making, and to the broader cultural notions of scien=
tific and value judgements in society. Interpersonal relationships and transac~
tional analysis in group, organization and community endeavor are means of enlarg-
ing opportunities directly both in concept effectivencss and preference strength.,

Human behavior is based on information abcut things, not necessarily on the
nature of things. The human is able to accumiulste reservoirs of information over
s period of time through 8 process of symbolization or conceptualization. Concepts
can be of things as well ss of events, Once infcrmation is stored in the form of
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concepts, it can be tapped, or released, by cues. No action or cue can occur at a
distance without some connection either of a cause-effect or a feedback relation-
ship. The cause-effect action, no matter how complex, proceeds in one direction
and is common in the natural environment., A feedback system, however, involves re-
ciprocal relations which can be studied by the multi=correlational analysis of many
variables. Correlation can not establish cause effect relations, but only show
that variables co-vary. Correlation is very useful in exploring an environment to
determine what variables should be brought under controlled study using other clas=-
sical methods to show cause-effect.

Freedom of opportunity varies directly with an increase in number of informa-
tion sources and depends on access to communication media. Mass media constitute
a major stimulus source for social endeavor as well as the community encounter sim=
ulation. In order to maintain a bargaining advantage, the flow of information can
be curtailed about the matters under bargaining. Where information cannot be con-
trolled directly, perception may be modified by criticizing communication content
or by raising compelling points of view against it, In any event, organized in-
formation space (library as prototype) is considered to be of surprise value as
well as serving as an entropy-reducing function, whether the '"beings of reason" in-
cluded were developed in the past or are emerging at the present moment.

The second component, the preferential phenomena of interpretation, is explor-
ed in the disciplines of game theory, decision theory, value philosophy and psy-
chology which taken together help to explicate the preferential patterns of the
adaptive control organism. Descriptive and normative studies of decision-making
have led to the analysis of aspects of human behavior in which choices are made
among alternatives. For example, Simon has pursued the ramifications of decision-
making and value theory in his Models of Man (6).

By wey of illustrating the availability of choice among alternatives, the
following changes in inputs which vary directly with outputs have been adapted from
Cadwallader (9): (a) the innovation rate is a function of the legal and economic
rules which organize the problem solving matrix of the social system; (b) the range
of communicative contexts varies directly with the available variety of information;
(c) communication capacity cannot exceed the quantity and variety of information
supply; (d) the sociodrama model provides the rules (criticism) for forgetting ur
disrupting the highly probable organizational patterns of the power structure.

Any cybernetic system has both input and output. The effect of the environ-
ment on the system is input, while output is the effect of the system on the en-
vironment. Within the system, the effect of one component upon another is a func~
tional relation or interaction. In a cybernetic system, the governor or selector
is set by the larger or encompassing system. For example, the value system of a
human individual is not calibrated by the individual alone, but mainly by the cul-
tural system. The setting of the governor or the establishing of values for con~
trolling behavior is a parameter of the cybernetic system determined by the larger
environment and during the traditional experimental study of a system is supposed
to remain unchanged. However, in the correlation analysis of nonparametric dis-
tributions, it is not essential to hold independent variables under rigorous
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cxperimental control. No apriori ideas need be placed on the distributions under
study,

Almost any action of one person with another produces feedback, the action and
feedback being the transactional use of power, lower is the ability to do work in
the physical sciences, and the ability to satisfy wonts in the social and policy
scicuces, The bargaining strength of one individual varies inversely with his own
effective preferences and directly with the preferences of the other. Reciprocal
demand is the basis of all transactions whether interpersonal or societal, Power
is only as strong as the effective preference, and the limits on equilibrium within
the transaction are set by the parameters of available alternative opportunities,
Figures 2 and 3 indicate that a fundamental dichotomy exists petween cognitive
(information) and affective (power) elements of the library vs., governmental en=
tropy-reducing complex,

Events occur and situations exist, but their import occurs in people, Prob-
lens exists only in the minds of people and become a subjective index of the fact
that the world of reality did not behave the way people wanted it to do. Ieople
pay attention to the unexpected (information surprice), and the amount of attention
varies directly with the degree of relntionship Letween an individual and some e=~
vent, idea or other person (s). Consequently, the power of a communication source

varies directly with its ability to create situations where information surprise
can be eugendered,

The third component of the adaptive control organism is explored in the dig-
ciplines of general systems theory and operntions research. General systems theory
has grown out of the work of Lotlka (1) and Von Bertalanffy (16} where generalized
wodels, principles and laws are applied to the physical and biological behavioral
sysl.ems and Lheir subclasses. Operations research on the other haud is the applied
component of puneral systems theory, 1t brings the systems approach as well as its
intellectuanl and interdisciplinary resources to benr un organizational problans,
Ashby (5), Nagel (3) and Latil (7) have explored the relation of software and havd-
ware in operatious research employing computers, automats and other controk devices.
In the community-encounter research vehicle, general systems theory has been taken
into the future, as the encounter system investigotes the fmpact of behavioral out~
comes today upon the information processing aud decisjon-making of tomorrow,

The Research vehicle:

Following Ashby's postulate vLhat cybernetics is ihe Ltheory of all possible
michines, orgiisms and combinat fjons, the encounter system is an integrative model
and a guide tg the planuing of individunl research studies and components for an
explicit galaxy of rescarch "designs," Uniformitics tmong the various subjects
id professional disciplines have heen incorporated into the simulation model,
The generality of social science regenrch findings (11) lhas been extrapolated to
the encounter system and integrative benefits have been derived from comparing
theories in apporently diverse {iclds,
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There is one area of communications research to which a progrem of investi~
gation in the encounter simulation leads directly. Professional education is based
upon an academic grading system which, while it may be pertinent to a degree pro-
gram, does not necessarily ensure role definition and development. The encounter
simulation creates situations in '"real~life" standards where effective communica=
tive behavior can be developed in context. In addition to evaluation which re~
flects content gain or progress, role definition and development can be evaluated
in relation to defined group norms.

Actually from the studies already undertaken there is a reason to believe that
research employing canonical correlations in the encounter simulation can be as
productive as investigations carried out in highly organized experimental frame-
works. '"Valuc free" distributions may be logically desirable but in communications
research are difficult to achieve. The advantages of research in the encounter
simulation lie not so much in the degree to which the findings are rigorously veri-
fied, but rather in the large repertoire of types of studies that become possible
and in the builte~in stimuli to inquiry. Because of the nature of the encounter
simulation, the faculty and participants have the combination of energy, insight
and integrative effort that is necessary for constructive inquiry about fundamen~
tal problems (see Figure 4).

Before experimental research can be undertaken in social communications, many
studies need to be conducted in contexts employing statistical controls rather
than experimental controls. The distribution of variables must be identified and
compared not only with one another but also with the characteristics of the com~
ponents and subcomponents of the encounter system. Instead of specially selected
subjects who might fit more readily into traditional experimental design, subjects
are the students who register in the communications sequence, Considerable pro-
gress has been made in the development of evaluative instruments, including de-
vices which as final instruments in one phase of evaluation can be used as initial
measures at the beginning of another,

After all, there are really few indispensable elements in research design that
cannot be conducted in the encounter system. The instructional personnel respon=
sible for the library~community encounter simulation have a research point of view
and possess knowledge of appropriate experimental and statistical techniques. An
office of tests and measurements has readily available not only instrument to
measure achievement as well as participant characteristics, but also has the re-
sources and the meass for test development, administration, scoring and statistical
analyses.

Except for the randomization of treatment groups, many experimental controls
can be applied after the observations are collected, Groups can be stratified or
matched after the experiment is completed just as easily as before. Whenever the
original groups are large enough to permit fractionalization, specifications can be
imposed on the groups during the analyses. Computera csn be programmed to accom=
plish this readily. In the matrix of intercorrelations and weightings, the unique
contributions of any of the independent variables can be determined by factor an~
alysis. Any variable can be interchanged as to whether it is to be used as a con-

428




Q

EE

PAFulToxt Provided by ERIC

RIC

Communication Systems

trol or as a predictor. A system of experimental inquiries will generate valuable
results without designing a new experiment for each new set of conditions.

Older social science methods of research have been evaluated in relation to
components of the encounter system and to characteristics of senders and receivers.

_In addition, new methods and devices not only are being invented but they also are
‘being evaluated in relation to "established" procedures. New methods can be eval=

uated relatively easily without radical disruption of the encounter simulation.
For example, subject groups need not necessarily be matched. WNor do they have to
be of the same size’or even be concurrent. It is however necessary that the 'con-
trol" groups be measured for initial level of skill or knowledge to be communicated
as well as for all the characteristics under consideration as referents.

Experimental control as employed in the social sciencea with human subjects
uses @ limited range of one or two variables, The subjects may be selected to
yleld predetermined distributions, or members of iike paira, or triads, or quartets
may be assigned to treatment groups, usually at random. Treatment is the indepen-
dent variable, residual gain the dependent. However, other variables may be used
for control. Correlational analysis or canonical correlation permits the use of
conventional significance tests as to whether changes in the skill or variable un-
der study are related to method. Also turough analysis of variance the practical
importance of changes may be assessed to better advantage than in the usual ex-
perimental designs.

Summary:

Organization adds to the transactional model of communication but one element
of structured cooperation which includes the development of goals and the shared
experience of values or motives. With organization comes the complications of in-
creased roles but also of relationships among the sponsors or owners (if a business
or industry), the staff and the recipients. The whole society is an organization.
Government is the formal organization of power. Property and legal rights consti-
tute the set of rules about transactions. Whether the awareness of them is in-
formal, formal or technical (4), transactions among citizens are constantly going
on and continuously being formalized into "permanent” coalations. For government
not to intervene in the transactions of power groups is to sanction those trans=-
actions. The scope of government is total for its soclety since its actions and
inactions cover all possible situations.

The adaptive control organism 18 most productive when the cognitive and affec-
tive domain work together in a complementary manner. However such a harmonous re«
lationship is neither always the case nor possible. Be this as it may, both realms
are essential components of the community encounter system. Figures 2 and 3 de-
lineate this cooperative vs. competitive interaction which is the matrix of the
social enterprise. The encounter system is composed of participant roles and the
firot line of research has focused on the’entropyereducing functions of communicae
tion (information) agents, This depends not only on the manner in which informate
ion space is organized but also and especially on the way in which information is
employed to cause surprise in receivers.
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Many speclalized information processing centers are avasilable in metropolis,
but there is a serious lack of coordination. There is no one clearinghouse to
which to turn. The discrepancy which exists between nssd and the mustering of in-
formation and of making it kinetic in the affairs of citizens is approaching a cri-
sis. When left unzttended, it is interesting that psrticipants begin to speculate
on the contributory affect of a lack of available information upon the urban dis-
order in the simulated encounter environment,

Information networking and library planning ia an extension of the surprise
value of information retrieval, Networks and interlibrasry cooperation require the
combination of materisls, services and professional expertise which i3 imposaible
to achleve by onc library alone, Information networking adds the dimension of an
effective switching center at the regional, state and nstional levels.

Libraries in the simulated metropolis work together through regionsl library
centers in order to avoid unnecessary duplication of resource collections and to
facilitate access both to their own resources and to other libraries in the nstion-
al network. Numerous other information centera exist which function to provide
significant services to specialized interests. All of these benefit in verying de~
grees from the information transfer (bibliogrsphic) nstwork. Esch of these may
have other needs for information which primsrily csnnot be met from documents that
ster. from the usual publishing and other distribution channelas.

A good aucunt of knowledge, particularly that 1tlated to the worke-a~day life
of the people, exists in records and sources thst are ephemeral and not highly or-
ganized, or perhaps remain unorganized, This type of knowledge is often mission-
orlented. Information is retrieved from such sources only so long as there is an
obvious and continuing need, ususlly for a limited clientele such as s housing pro-
Jject or 2 neighborhood activist cell. There is another extensive category of knowe
ledge which does not exist in records at all, but is aveilable only in the minds of
specialists and professional experts. This kind of knowledge becomes available on=
ly upon consultation. The information ias rendered kinetic when the individual in-
terfaces with a consulting expert over an immediate problem or specific interests
such as Information Voluntecers Services of the Health and Welfsre Associstion of
Allegheny County.

Finally there is the knowledge of the present moment, the near past snd the im-
pending future where the emerging needs of the people help to shape the information
sources of the present moment. There are seversl medis of communicstion in metro=
polis whose knowledge of the preaent, the near past snd the irmediste future is a
constant and continuous source of informstion which few citizens in the srea could
avoid even if they wented to do so. Most people's rsquirement: are conditioned
partially by the media snd partly by their dsily occupations. Consequently ths ine
formaticn spaces sought, renge widely over ephemeral snd mission-oriented sourcss
of knowledge. Only @ small percentage of the information required every day is
sought in the depth for which the bibliogrsphic record is designed to ssxrve. Of
course without such inquiry from the record, however small in quentity, civilizstion
would flounder for leck of perspective. In the long run, libreries of the record
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ave an integral element of modern vigorous civilizations, but in the day=-to-day
preoccupations of people they often seem irrelevant.

Consequently a community~encounter simulated social system has been developed
by the Graduate School of Library and Information Science, of the University of
Pittsburgh. The encounter simulation has been built upon & cybernetic model of
communication for research and instructional purposes. The power=-deployment of
government and the surprise value of organized information space are the central
entropy-~reducing components of the model being tested. Social science research
methods and distribution-free statistical techniques have been used to study re-
lations of variables in the in-put and out-put phases within and suong each other
as well as with characteristics of the entropyereducing components.
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A GENERALIZED THEORY FOR THE EFFECTIVENESS
AND UTILIZATION OF INFORMATION*

M. C. YOVITS
Department of Computer and Information Sclence
The Ohlo State University
Columbus, Ohlo 43210
U.S.A.

SYNOPSIS

A general theory s presented which deflnes the term "Information”
as "data of value In decislon making". Declisions in turn result
tn courses of action which In turn result Iln actlons that can be
observed or measured In the physical world. A generalized theory
is suggested which establishes relattonships and procedures for
the flow of Information. Analytical relationships are suggested
for describing the effectlveness of Information as a function of
resulting observable actions.

Introductlion

One of the major problems that exists Ln the development of information storage and
retrieval systems ls that of developing methods of evaluatlon for these systems.
Only when such methods have been established will it be posslble to compare
varlous systems as to their effectiveness and then ultimately to attempt to decide
on the value to be placed on such a system. Only when effective criterlia for
evaluation of Information systems are available will it be possible quantitatively
to determine whether it 1s worthwhlle to develop one system rather than another

or even whether it is deslrable to develop any system at all,

*Rescarch sponsored in part by the Natlonal Science Foundation through Grant No,
GN-534 from the Office of Science Informatlon Service to the Computer and
Information Science Research Center, Tho Ohlo State University.
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Naturally in order to establish speclfic measures of effectlveness for Information
systems it |s necessaty to develop quantitative measures of Information and to
relate the Information quantitatively to some measuro for the utilization of Informa-
tlon. At the presont time any measure for the effectiveness of Information Is
generally limited to the rather general, qualitative question of relevance to a user
or group of users. The question of what relovance may mean or of how relevant
information may be is normally not considered. The question of what value can be
placed on a particular measure of relevance is not generally considered.

In the present paper a theoretical treatment which enables the establishment of
quantitative mecasures for the effectiveness and utilization of information Is
presented. Some of thls work has been presentod in earller papers and is accord-
ingly summarized here. Suggestions for extending the previous work are given In
order to establish relationships which enable the evaluation and comparison of
information systems.

Background

The term information has many different connotations, uses, and meanings. It s
sometimes used In the rather specific sense that Shannon and Weaver (1) have
established. In this sense, although information and its properties and appropriate
analytical relationships are well defined and quantitatively measured, the class of
situations which is covered is a small part of those of interest. In the situation
considered by Shannon and Weaver the context of the message is of no significance
and the theory 1s concomed with the probability of the receipt of any particular
message for various conditions of the transmission system.

On the other hand, information Is frequently, perhaps almost universally, considered
to be the equivalent of "knowledge". it is in this sense of the term information
that Information scientists and information systems designers and users are
concerned, and it is this sense of the term which is the popularly understood
meaning as well.

In the Shannon-Weaver sense, the term information ls indeed quantifiable,
measurable, and rigorously defined, but the theory is of such limited applicability
as to have little utility with regard to the design of information storage and
retrieval systems. In the more general sense of information being equivalent to
knowledge, the term Is nelither rigorously defined nor measurable nor quantifiable.
Furthermore, it seems unlikely that such broad and vague conceptions can yleld
relationships that are meaningful and useful in any real sense.

Thus, we have been concerned with the formulation and development of a theory of
generalized Information flow which has wide and perhaps universal applicability
(2)-(S). This theory lcads to a model which allows rigorous mathematical treatment.
One of the motivations for the development of this model is the desire to establish
analytical relationships which have as wide applicability as possible. These
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analytical relationships can then be used to derive principles and identify
limitations on the flow and transfer of information. The model may also be used to
define fundamental quantities involved in information flow, including information
itself, in a quantitative, rigorous, measurable and repeatable way. In particular,
the model can be used to generate specific measures to be used in evaluating the
effectiveness and the utilization of information and for the comparison of
information systems.

Properties and Definition of Information

.

To be of vaiue it is clear that knowledge must at some time be put to use, That use
is to assist in making decisions; that is, information is used in order to make
decisions. Indeed, the only resource that is available to a decision maker is
information, nothing more. Thus a definition of information has been proposed (2)
which forms the basis for the model of a generalized information system which was
mentioned above. This definition is: information ig data of vajue in decision
making. While this definition may delimit the total range of Interest in information
in an intellectual sense, it does have virtually universal applicability with regard
to any potential applications. It is further claimed that any more general definition
of the term is not amenable to the quantification and analytic conceptualization
necessary to the treatment of the study of information as a sclence.

In the physical world, the only way in which a real parameter, say a mass or a
velocity, can be measured is through an interaction of a system with its environ-
ment. If this interaction does not exist then it is impossible to measure a
parameter or even to establish its existence. The same statement can be made of
information. Without some type of interaction with the environment it is not
possible to measure information or to know of its existence. Such an interaction
will result in some kind of physical change which can be measured. or observed.

A physical change or obgervable action will take place as a consequence of the
operation of the decision-making apparatus. The decision maker will recommend
courses of action which are in turn executed, yielding a set of observable actions.
Since, as Indicated above, the decision maker makes decisions solely on the basis
of the Information he receives, it is clear that this is a fundamental mechanism

by means of which information is transformed into physical, observable actions.

These remarks concerning the definition, measurement, and significance of informa-
tion lead to the development of a model of information flow. This model can then
be used to obtain fundamental analytical relationships which can be used for
measuring the effectiveness of information, It is the purpose of this paper to
propose such a theoretical approach,
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The Generalized Information System

Since the model of a generalized information system forms the basis for our approach‘

it will be useful to describe this system in some detail in order to provide the

necessary background to the present research. The generalized model is depicted
schematically in Figure 1.

External Environment External Envirorment

Information Acquisition Courses L
and Information .Ip;::::"’" of Action J Execution
Making .
Dissemination 1— ,

Observable
- Aetions

Data

Trans formati onF

Figure 1. Generalized Information System,

The systeni is comprised of four essential functions. These include the
Information Acquisition and Dissemination function (IAD), the Decision Making
function (DM), the Execution function (E), and the Transformation function (T).
As has been polnted out, virtually all situations involving the flow of information
can be described by this model. These situations would include the use of
information by the research scientist or the development engineer, management of
a large corporation, command and control of a military engagement, or such

relatively straightforward and simple activities as the switching on or off of a
thermostat-furnace system.

Personal decision-making problems are described by Figure 1. It is not even
necessary or required that the decision-making process be a logical one. This
model is applicable when decisions are completely irrational, as may frequently
be the case. Each function Is seen to collect, store, operate, and disseminate.

In any realizable and operational system all the indicated functions must be
present, and they must be considered together in order to understand information
flow or in order to establish principles, relationships, or guidelines for information
flow. Just as in the analysis of any system, suboptimization or consideration of
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the functions independently may yield misleading or incorrect results.

In particular, the Decision Making (DM) function is a most important one and is
established as the key consideration in the entirc Information flow process. The
DM function represents any system component accepting an input from the IAD,
and providing an output tc E. The DM may be an individual person, an organization,
a man-machine system or simply a machine system. In all of these cases, the DM
transforms information into courses of action which are in turn transformed into
observable actions. The input to the DM is information, some of which may be
stored or held in memory. The DM makes decisions on the basis of the information
avallable at some particular time. The decisions are made individually, serlally,
sequentially, or in parallel and, of course, the decision-making process may be
delayed. This may be the case when more informatinn iz necessary. But the
decision maker is responsible for the generation of ol.servable actions and will
eventually make decisions that will lead to these actions.

A very significant point concems the closing of the feedback loop to the DM. In
any system this loop must be closed to provide a basis for retaining or altering
the courses of action disseminated and it is only on this basis of closure that the
DM is able to refine or alter decisions intelligently. Such feedback ts always
present whether or not it is explicitly considered. Most of the presently designed
so-called "information systems", however, do not consider feedback or closure

to the decision maker in meaningful ways. The loop in the system is closed by
the transformation of the observable actions generated by means of appropriate
measuring devices, into data transmitted to the JAD which are in turn disseminated
to the DM. This feedback provides the major interaction which the DM has with
the total system and is the only way for the DM to probe and understand the system.

Since information is supplied onl]y so that a decision maker can make declsions of
some kind it is most appropriate to analyze our model by starting with that particular
function.

Note that the decision maker collects three basic kinds oi information from the IAD,
There is information on the particular activity under consideration (that is, data
which have been obtained by transforming the observable actions resulting from
operations of the Execution function). There is information on the external
environment over which the declsion maker has no control but may have knowledge.
There is also other fundamental information which the decision maker may utilize.
This latter category includes reports, tables, mathematical and physical constants
and appropriate relationships. The DM stores a data base in its memory.

The DM operates as follows: it develops a predictive'-model which it believes will
transform the information received into the appropriate observahle actions. This

model developed by the DM may be an accurate one or {t may be incorrect. It may
even be lrrational or illogical. Nevertheless, it is the way in which the DM




T 2 LA SR P

vV Evaluation o) Hetrieval Effectivenass

believes that the only resource avalilable it to, namely information, will be

transformed to observable actions. It is only after further information 1s available

from transformations of these observable actions into data that the DM "knows"

whether its model is an accurate one or not. Secondly, the DM may alter

recommended courses of action using the same predictive models, as further

information regarding the particular activities involved or the resulting observable

actions become available. Thirdly, the DM may develop new models as further

information becomes available either concerning the observable actions or the ;
external environment. In this situation the original model was incorrect or :
Inadequate regardless of the courses of action suggested. The DM disseminates
courses of action (results of decisions) which are communicated to the E function.

The E function s responsible for transforming decisions into observabie actions.

It collects courses of action from the DM and perturbations from the external
environment. If it were not for these perturbations from the external environment,

E would be essentlally deterministic and would transform decisions in a predictable
way into observable actions*. It is largely the action of the external environment
which provides much inherent uncertainty in the process of transforming informa-
tion into observable actlons. There is also "internal noise" which introduces
fluctuations into the observables. The E function gtores nothing other than its
structure or design and has no memory per se. It Is strictly a transforming process.
It operates by transforming decisions into observable actions.

Observable actions or observables are quantities which are physical in nature. As
the term implies they are capable of being observed or measured. They are neither
dats nor infcrmation, but are capable of being transformed into data. This
distinction Is an important one conceptually. Some examples of observable actions
are the heat generated by a fumace, the position of an alrcraft, results of a
sclentific experiment, a new product developed by a manufacturing firm, or the
movement of men and equipment {n a military engagement. These are physical
quantities, in themselves neither information nor data.

In order to become data or information, observable actions must be transformed.
This 1s accomplished by the function which, for want of a better name, is called
the Transformation function. This function is fundamentally a measuring device
which transforms the physical observable actions to data. This distinction

between data and observable actions, although perhaps obvious, is not a trivial
one, It is an important point to keep in mind. Data are transformations of the i
observable actions. :

*This assumes that the E function is known by the DM. This knowledge is
generally obtained only by successive iterations of decisions courses of
action, execution, generation of observable action, transformation to data,
and then transniission to the DM, further decisions, etc.




Generaliaed Theory

The last function remaining to be discussed in this model is the IAD function or
perhaps, more accurately, the Information Acquisition, Storage, and Dissemination
function. The IAD is frequently referred to as an "information system®. Although
it is of course a system it is in fact an open-loop system and, as we have shown,
only a part of a much more extensive closed-loop system. As has been indicated
it is important to consider the total closed system as shown in Figure 1. The IAD
is only a part of this system and must be treated accordingly.

In order to measure or even discuss the effectiveness and utilization of information
and of information systems it is necessary to consider the total system as
indicated in Figure 1. In other words the total process encompassing the decision
making and execution into observables must be of concern in the determination of
effectiveness and value. It is clearly impossible to determine any measure of
utility without considering the total procass. To consider the IAD by itself
independently of the decision making, as is generally done, can not give meaning-
ful results. Some understanding then of the class of users (decision makers) and
the resulting observables must exist to develop significant measures.

The IAD function collects data from thrcw different fundamental sources. It
collects data on the particular activity under consideration (that is, data which
have been obtained by transforming the observable actions produced). Data from
the external environment are also collected. The external environment includes
all the factors over which the decision maker has no direct control. Finally, the
IAD collects basic data such as references, tables, reports, textbooks, relation-
ships, etc. The IAD disseminates data for the use of the decision maker. These
data, if used, are information within the context of our definition of information.
This distinction between data and information is of fundamental importance here.

The model of a generalized information system has now been described in summary
detail. All of the functions indicated must be present for any meaningful analysis
of information flow. Information now can be defined and analyzed in generality
by the use of this model. It is further contended that only in such a model does
information really have any significance. General discussion of the storage

of knowledge or data without reference to the potential uses leads nowhere, or
provides minimal fruitfulness.

General Relationships Involving Information

The general definition of information which has been proposed is "Information is
data of value in decision making". Data on the other hand are transformations of
observable actions. They result from the measurements which have been made
onphysical quantitios. Information is thus inherently involved in the decision
making process arnd inherently involves transformation into observable actions of
some kind.
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Note that information must be a relative guantity depending upon the decision
maker, the total history of the decision maker, and the perticular environment
involved. In this sense it is different from the physical universe where a
physical quantity is absolute and {ndependent of the particular situation. That
is, a mass of 20 grams generally remains a mass of 20 grams independent of the
position or momentum of the mass.

It should not be surprising that information is to be considered relative. For
example, a sophisticated research paper in some technical field may have a great
amount of information for a scientist who is well versed in that {ield but no
information to, say. a housewlife who would be completely unable to make use of
that paper. The background of the decision maker must necessarily be important
inasmuch as two decision makers given the same document may act differently,
thus generating different observables.

We may represent the relationship between the information and the observables as

I xT=0

where I is the information, transduced (T) by the DM and the E leading to the
observable actions, 0 . More precisely, one might more properly discuss the
changes in the observables

AT x T =A O

Generally, I and 0 each would consist of a number of components and might be
thought of as being represented by vectors.

Note that there will be a smallest amount of information that will cause the DM to
change a decision which in turn produces a change in the observables. That is,
it is the smallest amount of {nformation which will cause the decision maker to
change a course of action. As we have noted, this smallest amount of information
is relative to any particular situation. This smallest amount of information is
fundamental in the relationships developed. This fundamental unit we call an
informon. It is convenient to measure information content in units of informons.

Discussion

1t is just this value of the information in informons which is directly related to the
significance of the information received. As we have shown, the amount of
information In a message is a direct function of the change in observables caused
by that information. However, the change in the observables may not by itself

be of direct significance. It is the change in the observables as a function of the
minimum change that would be obtained from a change in a decision that is a
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quantity of considerable significance. This is closely related then to the amount
of information measured in units of informs.

Note that we do not specify what the various functional relationships actually may
be. These must, as we have shown, be dependent on the decision making process
which is involved. Thus, the relationships will differ from situation to situation
and even from time to time. Or to put it in another way, information and its value,
its effectiveness, its measurement, its utility, and other quantitative measures
must all be relative and dependent on the particular situation which is being
considered. As we have indicated previously, a particular scientific paper would
contain different amounts of information for scientists with different backgrounds
and it would clearly contain a different amount of information for a military
commander or a statesman. Each of these individuals would make different
decisions generating different observables from the same document. Of course,
an individual might make nodecision at all if the document is of no interest to

him or if he is unable to understand it.

Once it becomes clear that information must be treated in a relative way, dependent
on the particular situation which is considered, then many conceptual and specific
relationships also develop. Naturally it is difficult for us to accept this type of a
situation inasmuch as we are part of 2 ghysical universe where the measurement
of a physical quantity is generaliy absolute and independent of the situation
considered. Thus specific measurcs for the value and effectiveness of information
and information systems must consider in detail the ultimate objectives to which
the information is to be put and the types of decision makers who will use the
information. Currently, at The Ohio State University we are pursuing research

to establish more definitively some of the relationships that must exist among
these various activities and parameters for various classes of users or decision
makers. While it is necessary to know the decision making rules in detail in
order to develop specific relationships, it is possible to develop general, useful
relationships for different lagses or types of decislon makers. General relation-
ships of this type are currently being sought in our research.

Conclusion

In an attempt to establish some fundamental relationships that describe the
principles of information flow and transfer and which define its limitations some
earlier papers have developed a generalized theory of information flow. Itis
believed that this theory has wide and perhaps universal applicability. This
theory which has been previously described leads to a model which allows
rigorous mathematical treatment. In particular, it defines information as data of
value in decision making and develops mathematical techniques for measuring
and quantifying rigorously information in a general sense.
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This paper uses that theory to suggest a procedure for measuring the effectiveness
and utilization of information and information systems by relating the information to
the change in observables which is attributed to the information in the document

or message. It is indicated that a fundamental unit called an informon, which is
the minimum amount of information required for a decision maker to change a
decision, plays an important role in these determinations. If the information is
measured in terms of informons, then it is closely related to the effectiveness or
value of the information.

In this paper it is pointed out that further research is taking place to establish
general relationships which may be used to develop criteria and quantitative
measures of effectiveness for information and information systems. While detalled
measures will depend specifically on the user or decision maker and the types of
decisions made, it ls possible to develop general relationships which are
applicable to classes of decision makers.
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ON THE NOTION OF RELEVANCE IN INFORMATION RETRIEVAL®

CeV, “.'01‘.
Nstionsl Council for Scienca and Tachnology, Bucuresti, Romania

SYNOPSIS

The paper presenta s new point of view about the "relevanca”
concept. The logic of information ratrieval ia anslyzed (two-
vslued, many-valuad and infinite-valued logic) and the truth-
. vslue is interpreted ss the relevanca value, The logical
[ ayetem which seems to be most appropriate to deacribe the
; proceas of information retrieval ia the continuoue logic
suggeated by McNoughton. In thia case tha answer of the in-
formation retrieval syatem is interpreted se a fuazy eet.

INTRODUCTION

Ovar the laat twenty yaars, s nuaber of attempts to furnish a theoretical founda-
; tion for the retrieval process stand out, but little accepted theory exista as yet.
One of the most eerious difficulties in the theory of information retrieval ie the
; lack of adequate explications for the notion "relevance”. This term is used so widely
: and ao brosdly todsy that it tenda to connote fuzty thinking.

Soﬁe experté pointed out that the relevance was not the eubject of detalled theo-
retical inveetigation. Donsld Hillman's opinion is only one of many:

"In recent theoretical discussion of the structure of information storage
and retrieval systems, one major problem has received little attention,
This is the problem of elucidating the concept of relevance, or connecti-
vity. The importance of having a clear notion of this concept is hardly
a matter of doubt, for retrieval outputs consisting of citations to docu-
ments which are either unrelated to each other or irrelevant to the
prescription are totally unserviceable for the user. It is therefore
imperative that the concept of relevance be adequately defined and a
suitable place found for it in the theory of information storage and
retrieval systems,"

WL e g e

This is not to say that scientists were not very much aware of the importance of
relevance concept and that a fair amount of discussion was not devoted to the subject.
Rather, it suggests that, historically, considerations were not directed toward and

o el b e S

*Editor's note: This paper wae retyped from a somewhat wunolear original,'and due to
delays in the matls we were unable to get the author'e corrections to the manuseript

before going to press. We apologise to Mr. Negoita and our readers for mistakes vr
ommigaions tn the paper,
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V Evaluation of Retrieval Effectivencss

did not result in a theoretical, or even less, a mathematical framework for the in-
vestigation of the relevance concept*),

There is no universal agreement at present on what the primary definition of rele=-
vance should be. Some specialists go so far as to express doubt that the problem admits
a definitive solution at all. Obviously, this is a topic in which no one can yet claim
the final word.

With the opinion that we can get really significant insight into the structure of
information retrieval systems only by applying powerful algebraic methods, this paper
is intended as a contribution toward what might be a general theory of information
retrieval, touching upon some features that seem to have had little attention. The
research vorker will find here some fresh points of departure for future research.

INDEXING

Before proceeding to a technical definition of indexing lat us. review briofly the
1ntu1t1ve ideas involvad.

o s e -

H

The retrieval process can in genersl be considered as a matchifig procass betwaen
! : a assrch request and a set of documents. In so-celled descriptor -ayatems, tha re-
trieval of items of information in response to s request «involves comparing en item
specification derived from the request, with the deacriptions of the actusl items of |
information. The preparation of these descriptiona ia normally raferred to as index- :
ing: the assignment of a set of tags or deacriptors to provide an indicetion of the
content and & means of retrieval.

An information retrievsl system is then one which comparea the apecification of ;
required items with the descriptions of stored itema and retrieves, or liats, all the
items which correspond in some defined way to that specification. The content jidenti-.
fiers are used during the file mearch as principal critaries for discriminating between
retrieved sand non-retrieved items. Finally, those items aras identified as relavent to
the request whoge key information is considered to be sufficiently similar to the
requeat keys,

Thua. a relevance assesment becomes 8 value judgement on a retrieved item.
We are now ready to formalize the indexing proceas as follows:

1f d is @ deacriptor and x an information item, conasider the proposition "the
item x has the descriptor d", It is symbolized in the calculus of propositions by the
single letter p. But in the calculus of functiona we refer to the fact that the pre-
position hsa an inner structure and we separate the subject "item" about whom something
is said, from what 18 said about him, namely, the property of having the descriptor d.

#*Serious attempts st preliminary explicationa of the notion in queastion have been how-
ever made. In the work of Goffmens - subatantisl contribution, though rethsr rastric-
ted in sxtent, to the achievement of an adequate explication - relevence is a relation-
ship between the search request and the aet of documents, i.a. & mggsure of information

conveyed by a document relstive to a requeat,
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As the symbol of thia relation, we elplog that of the mathematical function and sym-
bolize the proposition in the form d(x),

The argument sign x correaponds to the aubject about which we speak; the function
sign d corresponds to the property holding for it. The symbol d(x) indicates the in-
ner structure of the propoaition.

Since d and x are variablea, the expression d(x) can be given various meanings by
suitable apeciaslization of these variables, If only d is specialized, the expression
d(x) is not yet a proposition. The sign d is called a propositional function (predi-
cate); the combination d(x) is called a functional. If we wish to indicate the
variable in a propositional function, we write d(R); the circumflex distinguishes

this expression frol the functional d(x)., The expression d(X) therefore, means the
same as d, .

The object correlate of the propoaitional function, the property denoted by it,
ia called a situational function, For instance, the property, or situational function,
of redness ia denoted by the predicate, or propositional function "red",

There are two ways of constructing a proposition from a propositional function, or
from a functional. The firat haa been mentioned. We substitute a constant x] for the
variable x, that is, we go from d(x) to d(x3). This is the method of specialization.
The second procedure for conatructing a proposition from a propositional function ia

the method of quantification, which employs the all quantifier V x and the existential
quantifierJx.

The aim of an indexing ayatem is to make propositions that inform us about the
content of the documenta., The proof of the truth is based on experience and obaerva-
tion, sources of knowledge that play no part in logic.

THE LOGIC OF INFORMATION RETRIEVAL

Two-valued logic

In & two-valued propositional calculua we write "p","q" for propositional varia-
blea, " ~." for negation, "A"hrwﬁmamm"v"fulnumum "o for
implication, " = " for equivalence.

Well-formed expressiona built up from the preceding symbols will be called
formulas,

Formulaa must juat havs two "truth~values"; “"true" and "false". Thsy ars trus or
false; they may not be true and false together. Hence it is intuitively clsar that °

there are 2" combinations of values for a formula mentioning n different propositional
variables,

The given characteristizations of the propositional operationa ars exprsassd in
following "truth tables", in which the truth-value v(p) of a propolition p, which is
either truth or fallehood ia denoted, reapsctively, by "1" and “O".

P |~P Al 0 vl 0 o|1 0 sl 0

1| o 1{10 1|11 1|1o 1f10
0

0 1 0|00 ol10 11 ojo1

Using these tablea we may dstsrmine the value of any formula for all poasibls valuss
of the variablea,
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V Evaluation of Retrieval Effectivenecgs
Let us consider the formula pAq. Clearly we hsve 4 combinations of values for p and

q:
for P eveccccsccccccscsene 1100
for Q ceccscsccscssssscsss 1 010
for pl\q sesssssscsssssses 1000

If the two-vslued propositional calculus is sccepted @s the underlying logic of an
information retrieval process, the algebrs ( lpj s Vs Ar~ U, t) of propositions,
where t is the tautology and u is the contradiction, may model the atorage and re-
trieval of information. This algebra is a Boolean algebra defined as a system
(B, *, + , -,0,1) for which the following axioms holds

1l,- The binary operations , and + are commutative
If a,b € B, then asbmbea and a+b=bdb +a
2.= Each binery operation is distributive over the other
If a,b € B, then a.(b+ c) = a,b + a.c
a+ (bec) = (a + b)e(a + c)
There exist in the set B two distinct identity elements
0 and 1 relative to the binary operations . and +
respectively.
The unary operation - is such that for every element
4 in set B there exists an element ¥ in B such thet
. a.a=l
a+d=0

Thus, in this model®) (queries being represented by foyaulas and the file of
dcuments to be interrogated by a finite set) there is a ualque subset of the file
wh'ch corresponds to each formula. For each member in tta file the formula takes

on . truth-value of "1" or "0", depending upon whether :'ie document is or is not rele-

vant to the query, Hence the answer consists of all menbers in the file which take
on 1 value of one, i.e., all members for which the formula is assertable.

I wo now consider the relationship between propositions and truth-values, in the

light of the above explanation, then the truth-value mav be identified with the rele~

.vence value. The existence of the truth-value eatablishes the precise nature of the
connection, ~liminating the confusion.

* An equally w:li-known interpretation of the same formal system is supplied by the
so-called calculi3 of classes”, If a propositional function d(®) is given, all
arguments x that satisfy d(R) can be incorporated in one class, the class D. Every
propositional function thus defines a class, Vice versa, every clsss can be re-
gerded as defined by a pxopositionsl function. The arguments x for which d(x) is
true are called elements <f the class D. For the expression "x is a member of D"
we write x€D. )

Let us consider the algebrs (P(X), N , U, - ,0,X) of subsets D € P(X) of a
set X of documents, which is als» a Roolean algebrs, if D is interpreted as the set
of all documents indexed under term D tiient

D+E=sDNE the set of all documents indexed under terms D and E

D.E=DUE the set of all documcnts indexed under terms D or E

O=¢ the set of no documents
l= X ths sst of all documents

et e sy g o®
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Relevance in Information Retrieval

1f the two-valued logic has been accepted as the underlying logic of an information
retrieval process, the retrieval system may be defined formally as a relation on abs-
tract sets Q and 4 representing, respectively, the set of inputs (search requests)

and the set of outputs (answers).
S§¢Q x4

We regard s system as a structure which receives inputs, performs some function, and
sroduces sn output. Since the inputs can be considered as causes and the outputs as

effects S is a functional system
S:Q-—>t
Defining the search function f of the system by the mapping
: £:{q} xX -0,
the angwer A of the system is the graph of this function?)
A ={(x,£4(0) | x€x]}

Many-vslued logic
In the two-valued logic, let {pl be the set of propositions, Ly the set ﬁ).q

and v3 a function defined by the mapping
vy ¢ {P}-‘Lz

The value v2(p) 1s called the two-valued truth-value of the proposition p
{1 if the proposition p is true

v2(p) = 0 if the proposition p is false

Such a function is a homomorphism of the algebra of propositions onto the two-element

Boolean algebra of truth-values.
In a similar way, in the three-valued logic (of Lukasiewicz)

v3: {p) - L3
1 if proposition p 1s true

vy(p) = {1/2 if proposition p is indeterminate
0 if proposition p is false

*
Since £q) =1 1f xe€A
£4(x) =0 1f xgA

the retrieval system can be defined as

se€Q x P(X)

S$:Q - P(X)
In other words, the retrieval system is the syatem (X,Q,S) whers S is ths retrieval
function. The set of documents S(q) is sald to be retrieved by the requsst q € Q.
That is, the mapping S maps each request q € Q into some subset of the document

set X.
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V Evaluation of Retrieval Effectiveness
In the four-valued logic (of Lukasiewicz)
V4 {p} -1,

1 if proposition p is true

vy (p) = 2/3  1if proposition p is possibly true
{1/3 - 1f proposition p is possibly false
0 if proposition p is fals

In the many=-valued logic (of Lukasiewicz)
Vnt (P - Iy

n=2

' 2
vwhere Ly = to, -:':1, P LRI U 1]

Some values from Ly correspénd to r levels of falsehood, other values correspond to
s levels of indetermination and other values correspond to t*n-r-s levels of truth.

There is an algebra of many-valued logic that could play the role of Boolean
algebra in the case of classical two-valued logic. The many-valued Lukasiewicz alge-
bras weresintroduced by Moisil as models for Lukasiewicz' many-valued propositional
calculus. ’

The Moisil algebra is a lattice M which satisfies the following axioms:

l.- M is a distributive lattice with first element O and last element 1
2.~ M has an involutive duality named negation
N(aAb) = Na VNb
N(avb) = Na AND
NNa = a
M has n-1 chrysippien endomorphisms a-{;a

o i+ 2 223 822

s a-1 n-1°°*° n=1 n-=1

() 0
() 1 1

¢ o o © & & o o o e ¢ o o & o o o
.

Ch-1a © 1 1 1 1 1,

WITH €0=04and Cl=1
Gia AN Gja = O
68 v N Gja = 1
4.~ The elements ¢ja form a linear ordered lattice

cl. =G‘2.¢o . o gcn-]..
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Relevance in Information Retrieval

5.- There 1s the relation
Gy Gy8 = Gya for any 1,
andGNa = N Cja  where § =¥ (1)
6.- If Gia = Gib (i=1,...yn-1) then a=b

Sicoeb proved that a Moisil algebra is a system (M, 1, N, G1,..., Gn_l,/\)
where 1 is not postulated as last element, verifying the following axioms:

1.- aAN(t{a/\Nb) = a

2.- anN(NbANc) = N(N(cAa)a N(bra))

3.- N( GiNanGye) =1 v J=v()

b= Gy Gj(a/\b) =6y Aﬁjb , for any 1,j
5.~ GiNaAC Na = NEja , i<k , 3 =¥()
6.- 1if Gja = Gjb (1<¢1€n-1), theny a=b

and that a many-valued Lukasiewicz slgebra with{ (1) = n-1 (mod n) is & Kleene
Algebra.

If the many-valued logic has been accepted as the logic of an information retrieval
process the search function g of the retrieval aystem ScQ x A can be defined by the

mapping 1 ) )
8 f‘I}xx""{oonTl ’ n—-l. l""li:-:-f olj

and the anawer, by the aet
; A -{ux,.q(x), xex}

The continuous logic

In a continuous (infinite-valued) logic
Ve ! p*{o,l}

i.e,, the proposition (or the formula) should be permitted to take on any value on
o1} . All reasl numbers t such that Oftfl shall constitute the aet of truth-valuea
which the formulas are permitted to take, This logical system, which we shall call
Ly may be conatructed as followa: we shall admit & denumerable number of propoai-
tional variables denoted "p;","p2",.s.,"p," together with a number of propoaitional
operatora (thoae of the two-valued logic). Pormulaa in L. are then defined by the

following aet of rules:

1.~ every propoaitional variable ia a formula.
2.~ If F ia a formula then~F ia a formula,
3,- If F and F' are formulaa, then FAF' ,FVF' ,FoF', F 2 I' are formulaa,

We ahall denote vp) = t
v(m =¥

-~
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With every formula F there 18 associated a truth function g(tl""'tn) vhere tj,ees,
are the truth-values of the propositional variables py,eccesP,. The value of the truth-
function § is said to be the truth-value of the formula F. "l,hus. the truth-value of a
formula is determined solely on the basis of the truth-valuea of its propoaitiocnal

variables.

We shall now define* the truth function of the elementary formulas by generalizing
the two-valued case. Thus:

V(~p) t
vip2q) Min (1 -¢t+u, 1)
vipvq) Max (t,u)
v(pag) = Min (t,u)

The propositional operators."v" and "A" msy be defined:
Pvqg as (p>q)oq

. PAY 88 ~u(~pV~q)
1f formula F contains the propositional variables Pleses2Ppns
then we shall write F(pj,...,p,) and

v(’(pl.’o..pn)) - y(tl..oo.tn)

1-

Supp;:se given a function ‘((tl.....tn) defined by 0€tig 1, i=1,...yn. llt:llms;ht:cma
has shown that for a function $(tj,...,t,) to correspond to s formuls F(PyaseeiPp)e
such that € = ¢ , it ia necessary and suf?ichnt that € sstisfies the fo)lowing

conditions:

1.- €ia uni-vslued, continuous and
0 €€(t1,..0,ty) €1 1f O€Lty €1, i=1,..0,n
2.- there exist & finite set of polynominals Aj,..., .
';\J'bj"‘ljtl"‘---"‘ujtn vhere b end m are integers,
such that for any (tj,e..oty), 0€ t] €1,i81,,.,yn

exiats a §, 1 € § Gusuch that ¥ (t1,c00ty) =2 4(t10eee,ty)

If the continuoua logic has been accepted as the underlying logic of am informstion
retrievsl process, in the retrieval system ScQ x A the sesrch function h ia derived

by the mapping

b {q} x X—[0,1)
This function saps the set X in the unit interval. Then the anawer A ia a set of
ordered pairs.

A= {(x,hq(x))\l ¢ x}
where hy(x) is termed the grade of membership of x in A. Thus, the anaver of s re-
trieval systes is a fuzzy set, i.e., a class of objects in which thers is no sharp

* Another continuous logical system (the probability logic Lp of Reichenbach) vas
suggsatsd by Goffman’. In Lpt

v (~p) - l-t

v (poq) = 1l=t+tu
v (pvq) = tiu=-tu
v (paq) = tu
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Relevance in Information Retrieval

boundary between thoae objects that belong to the class and those that do not.3»9

Let A and B be anawers in a apace X, with the grades of membership of x in A and
B denoted by hp(x) and hp(x), reapectively. Then for all x in X:

A= Beshp(x) = hy(x)
AC B s hy(x) g hy(x)

C= AUBeshg(x) = Max [hy(x),hp(x)]
D= ANB <> hp(x) = Min [hy(x),hg(x)]

E= A

-— hg(‘) = 1- hA(t)

If A,B and D = ANB are bounded convex answera then 1-Suphp(x) is the higheat degree
of aeparation of A and B that can be achieved with a hyperplane.

Tha femily T of answera in X ia a fuzzy topologyl?, which satiafiea the following
conditiona? '

$,X¢T

if ABET then ANBET

Aj€T thenuAj €T

Tha pair (X,T) ia a furzy topological apace.
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Session Five - Discussions

EVALUATION OF RETRIEVAL EFFECTIVENESS
Chairman: Dr, A, Cockx (Belgiwm)

MR, T,M, AITCHISON (UQ: The necessity for our investigation arose when we were de-
-\Tcioping the Science Abstracts system into the integrated information service that
bscame INSPEC. There was a need to find s subject indexing system which would be

suitable for retrospective searching of the dats bese and SDI, as well ss for the
printed indexes to the abstrects journals.

We decided that there were essentially five possible index languages we might use:
Title; title plus ths sbstract; subject heading in modified line that we use in the

printed indexss in our abstrsct journals; uncontrolled or free indexing; thessurus-
bssed controlled indexing.

Obviously, it would have been ideal to be able to use the title, or the title plus
sbstract, since both of these were bound to be in the data base when we were producing

journals. Next best would be the subject heading, as long ss we were using thet
system.

The other languages, free-indexing and controlled langusge, wzre less atrsctive since
these would have to be added to the data base. We had experience with both of them
since we hed bsen using a thessurus-based controlled language in our experiwmental SDI
ssrvice and in the SDI ssrvice in electronice before we integrated it with our main eystem.

On thet basis, we sst out on the lengthy process of carrying out an evalustion of
the retrisvsl performance. The best one wae controlled language. Ths next bsst was
fres indexing. Then the printed index system. Then the title and title plus sbstract,
In other words, ths ranking wes exactly the inverse of what we would have 1iked,

We then coneidered the question of the cost effectiveness and practicality. We
ruled out the last three, the cheapest ones ~ the printed index system and the title
and title plus abstract, That left us with the free indexing and the controlled 1an-
gusge. At this etege ve carried out failure analysis in recsll with these two lan-
gusgss. The free-indexing language had s lower performance, probably dus to our not
having included in the question formulations all the pussibilities for stating the
different concepts thet appeared in the questions,

The answer of course was thst the thessuri we used were not based on the indexing
of our documents and therefore could not be expected to provide what we required,
vhereas the controlled langusge thesaurus which had been developed wes based sntirely
on the document file we were using, So we came to the conclusion that 1f, for s
variety of rsssons, s controlled language would te impractical, we could hope to ob-
tain the bensfite of a controlled language by using a nstural-language or frss-index-
ing thesaurus. Thus we would consider esch new concept as it arose for adding to the
thessurus. But the important thing was thst the free indexing would remain unchangsd
on our dats bsse and this would be availsble for sesrching in natursl langusie. This

would avoid hsving us make any decisions in the thesaurus thst would sffect the data
bsse, and would be there forever.
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V Evaluation of Retrieval Effectiveness ,

Our evaluation was done specifically for INSPEC, in our own particular environment,
and has no pretensions to general applicability. However, I wonder whether the conclu-
‘aions, such as they are, may not be worth considering in relation to other subject
fields.

MR, U. BLOCH (Israel): 1 didn't know about Mr, Aitchison's work at all until last
night, In a peculiar way we have used complementary techniques in order to find out
the same thing. We found in an information center which wants to use ready-made bases,
usually you have bases that are either based on abstracts, or indexes, or index terms
and abstracts, In this last case, it is fairly pertinent to find out whether one of
the two, the indexing terms or the abstract alone, will give sufficient retrieval, or
whether you need both.

Mr. Aitchison's work is based on relevance assessments for retrieved items. Now,
we all know that this expression of relevance is not a clear-cut affair of either yes or
no. We all know that something can be relevant if you haven't seen another paper on
it, but by the time you have seen three papers, the first paper would not be relevant
any more because you already know about it. For that reason we felt that we would
like to develop a technique that is not dependent on assessments, but to do something
that is much more objective.

We tried to minimize subjective evaluation by a two-step process. As far as the
indexing terms are concermed there is really no difficulty - you have the terms. But
when you want to find out what is in an abstract, you cannot simply go and say: let's
compare the abstracting to the indexing terms, because then vour own subjectivity will
automatically say: well you can say this term is equivalent to the other. And we
found very quickly that this is something highly non-objective. We decided that the
extraction of terms from the abstracts hss to be don: Iin g way that will ensure that :
it will be consistent. Once we have developed something consistent, we no longer say |
it is subjective, because we find the same abstracts repeatedly give the same kinds
of indexing terms.

After the first step of finding a list of possible terms, we invite a subject spe-
cialist to compare the list of terms that we have culled from the abstracts with the
\ terms in the index. We permit him to make only three decisions: Do you find synonymous !
terms in the index and abstract? Do you find that one of the two has a more specific -
term than the other? Do you find that the term zppears only in one surrogate and not
in the other? This is about as far as we can go to ensure that it will be as objective

as possible.

From there on, it is really a matter of counting, We assumz that the greater the
numher of entry points the greater the effcctiveness. In principle I think this right.
If you go on you can of course make as many points as you want; it becomes a very noisy
affair, and your precision will suffer badly. No doubt in theory this is true, but as
long as you take only indexing terms from abstracts or indexing terms that have been
prepared, you may assume that the terms you find in these are relevant to the subject
of the item and you will not create too much noise.

Another remark I have heard is that all we have actually done by culling index
terms from the abstract which we afterwards compare with the index terms prepared
originally,. is that we have preparcd a second list of indexing terms; and as we all
know, index terms are highly inconsistent. We feel that since we stressed greatly
that the list culled from the abstract must be consistent between two people, thi